





New physiologic races of the oat smuts! 
GeorGE M, REED 


In earlier publications I have described the occurrence of 
specialized races of both loose (Ustilago Avenae (Pers.) Jens). 
and covered (U. levis (K. & S.) Magn.) smuts of oats, which 
are distinguished by their different capacity for infecting oat 
varieties. The evidence recorded in the first paper (Reed, 1924) 
showed the existence of two distinct races of each of these 
smuts. The data were secured by the inoculation of several 
varieties of oats with a collection of each smut from Columbia, 
Missouri, and a second collection from Aberystwyth, Wales, 
which was sent to me by Miss Kathleen Sampson. The dis- 
tinctive behavior of these two smuts was also confirmed by 
Miss Sampson (1925), who used them for inoculating several 
varieties of oats at the Welsh Plant Breeding Station. Ina 
second paper (Reed, 1927), specialized races of loose smut which 
attacked Fulghum and Red Rustproof oats, belonging to the 
Red Oat Group, were described. These varieties had shown 
an unusually high degree of resistance to the other races, but 
Fulghum was severely attacked by collections of smut from 
Tennessee, Oklahoma, and Texas, and Red Rustproof by a 
different collection from Texas. Miss Sampson (1929) has 
recently recorded the occurrence of a new race of loose smut, 
characterized by its capacity for infecting Avena brevis and 
A. strigosa, and has also isolated another race of the covered 
smut. Rodenhiser (1928) has recorded differences in the cultural 
characteristics of collections of both loose and covered smut. 

During the past few years I have been accumulating addi- 
tional data on the general problem of physiologic specializa- 
tion in the smuts of oats. A large number of collections of 
both loose and covered smuts have been obtained from various 
sources, and their capacity for infecting oat varieties has been 
determined. The result has been to demonstrate the existence 
of a large number of new races which can be distinguished by 
their varying ability to infect varieties of oats. 

Extensive tests with my original collection of loose and 
covered smut from Missouri have been made on a large number 
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of oat varieties (Reed, 1920; Reed, Griffiths, and Briggs, 1925). 
In the more recent studies, relatively few kinds of oats have 
been used, but they have served to show the main features of 
specialization. It is quite possible that if a larger number of 
varieties were grown in the experiments, additional evidence 
on the specialization of the various smut collections might be 
secured. 

The methods employed have been similar to those used in 
previous studies. The inoculated plants have been grown to 
maturity, both in the greenhouse and in the field. Separate 
lots of seed were inoculated with the spores of the different 
smut collections. The inoculated seed was then planted in 
sand with a soil moisture of 20 per cent of its water-holding 
capacity, covered to a depth of about one inch, and germinated 
in a constant-temperature tank at 20°C. Earlier studies (Reed 
and Faris, 1924) have shown that these environal conditions 
are very favorable for securing high percentages of infection 
with the oat smuts. In most of the experiments, twenty seeds 
were planted in each container. The seedlings emerged ordi- 
narily in four days and soon thereafter were transplanted to 
the greenhouse benches or to the field, where they were grown 
to maturity. 

In most cases, two or more different experiments were 
carried out with each smut collection. Generally one or more 
series was carried to maturity in the greenhouse, and others 
in the field. The results, however, are combined in the tables. 
Since twenty seeds were usually inoculated in each experiment, 
the number of plants recorded in the tables indicates, to some 
extent at least, the number of different tests which were made 
with a particular variety and collection of smut. 

It was usual to obtain high percentages of infection with 
varieties susceptible to a particular collection of smut. An 
examination of the tables will reveal the fact that frequently 
one hundred per cent of the inoculated plants were smutted. 
Every collection of each smut gave these high percentages with 
one or more oat varieties. Evidently favorable conditions for 
infection were secured, and thus the evidence for the specializa- 
tion was conclusive. 

In a number of the experiments only an occasional infected 
plant of a variety was observed. This may be accounted for 








1929] REED: PHYSIOLOGIC RACES OF OAT SMUTS 451 


in different ways. For one thing, it is possible that an occasional 
seed was contaminated with smut from some unknown source. 
The fact that several collections of smuts were grown more 
or less adjacent to each other may account for some possible 
contamination. The second possibility is that an occasional 
stray seed of some variety was accidentally mixed with another 
and used in the planting. Usually, there was no way of detect- 
ing such mixtures, since the heads and grain of the infected 
plants were destroyed. There is also the third possibility that 
a resistant variety may, under exceptionally favorable condi- 
tions, be infected by a race of smut which ordinarily does not 
attack it. In a few cases we have conclusive evidence of this 
fact, since careful experiments have been tried out in which 
there was no possibility of accidental contamination of the 
seed or accidental mixtures of varieties. 


PHYSIOLOGIC RACES OF USTILAGO AVENAE 


The data for fifteen collections of loose smut are recorded 
in tables 1 to 5. In the tables 2 to 5 there are given the detailed 
results of the number of plants inoculated, the number infected 
and the percentage infected, while in the first table the com- 
bined results are given in order to show the peculiar behavior 
of the different varieties. One or more varieties or strains of 
seven different species of the genus Avena are included in these 
experiments, and the results indicate clearly the existence of 
a large number of specialized races of the loose smut. 

A few general statements regarding the reaction of the 
different varieties to these collections of loose smut may be 
made. Avena barbata has proved to be exceedingly susceptible 
to all the collections with which it has been tested. Twelve 
of the fifteen collections have been used to inoculate this spe- 
cies, and in most cases one hundred per cent infection has been 
secured. The lowest percentage was obtained with Collection 
No. 4, in which 31 out of 49 plants (63.2 per cent) were infected. 

One strain of Avena brevis was inoculated with all of the 
fifteen collections, and in every case proved to be entirely 
resistant; no infected plants were observed in any of the experi- 
ments. 

Among the varieties of Avena sativa, two—Black Mesdag 
and Markton—stand out as completely resistant. Black Mes- 
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dag was tested with all fifteen collections, and Markton with 
all of them except No. 3, and no infected plants of either of 
these varieties were obtained in any of the experiments. 

TABLE 1 


Summary of results with Ustilago Avenae (Pers.) Jens.* 


PHYSIOLOGIC RACE 
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COLLECTION NUMBER 


SEED ||_ = = wu a ah ee 
SPECIES AND VARIETY NO 
1 5 116'6/11)' 9) 8110! 7 4/12) 1 14; 15) 3 
{vena barbata Brot 830 || 5 5 5 5 5 5 $ 5 5 5 4 5 
{vena brevis Roth 289 0';0':0;0;,;0;};0;0;0;0);0;);0;);0!)}0/;0/0 
tvena nuda L | 
Hull-less 30 5 5 4 4 t 5 5 2 1 1 5 4 4\';0;0 
Liberty 292 5 4:;5)5 §'51;0;01;0;2);2 ;/o0;— 
{vena orientalis Schreb 246 5 5; 0 1 0; 0 0; 1 0 1 3;3;0;— 
Green Mountain 110 5 StS LSEtSsis »/1/7;0/0 ~ 
Avena sativa L | se a 
Bicknell 341 2;1)] FEST TECL ETA LAPSES TS ia 
Black Diamond 1615); 5);S);1;,2);0;1);11/2)21]5 $j 1 
Biack Mesdag 70 OlolOl;OlOrOl/OlOlOloOlololololo 
Black Norway 118 4/5/1/4/5/5/5/511/0]- 
Canadian 119 $1 SISI1S}S/}5)}5/);5/5/;5/3;5/);5/15/;5)]1 
Early Champion 150 §;};5;5);3}4)4),2);4]11)3 
Early Gothland 152 $$; 4;1;1)/0)/0)}1)/0111)/0)/0) 3) 3 0 
Green Russian 31 4'/3;/;S5/;0/0/;0/;0/1/;0/0;0/1)j 2 
Joanette 187 0 0 5 3';0;0;0);0 1 4'0/;0;0/;0 
Markton 752 0 0;0;0;0;0;0/;0;0/;0;);0;0;0;0 
Monarch 161 1 1 5 3 {2 1 1 1 1 2;2 3)/1,0/;0 
Monarch Selection 162 5 3; 5127/0; 1;0/;/0}111 
Nebraska No. 21 280 4 4;4/0/1/1/0/0/0/;/0;/O0/;/1/1;1 10} 
Rossman 322 §'/3;0;1};0/0/}/1/0)1 1;0;2/);1 
Scottish Chief 124 3 3 4 3 4/\4 3/0); 1 0 1 2 1 0; 0 
Trisperma 64 §;4:;5;5;5/5);5);4/;0/;0/4/1 3/0 
Victor oe 126 5 5 5 5 5 5 5 5 5 5 5 3 4 1 2 
{vena sterilis L | 
Burt 175 1 1 0';0;0 1 0'0;0 1 1 1 1 
Fulghum 129 1 | 0 O;'O;1/;/0;/0}/11/0)/41/4)/4)/0)0 
Navarro 946 0 0 0';0;0/)0 
Red Rustproof 131 0;0;0;0;/0/;0/;/1/0/01/0}/01/0;);0)4)0 


Avena strigosa Schreb 587 2;0/0;O0O;1/;/01110/01010/0/0 0 





& In the body of this table numerals are used as symbols with the following significance 


=No trial 2=11-25 per cent 5 =75-100 per cent 
0 =No infection 3 =26-50 per cent 
1 = 1-10 per cent 4=51-75 per cent 


The other oat varieties inoculated gave quite different 
results with the various collections of smuts, and thus served 
to differentiate the specialized races. 

Race I is based upon Collection No. 1. The original col- 
lection was made many years ago near Columbia, Missouri, 
and has been used in extensive experiments year after year. 
Its capacity for infecting a large number of varieties of oats 
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belonging to the various species has been determined, and most 
of them are more or less susceptible to this race of smut, 
relatively few being resistant (Reed, 1920; Reed, Griffiths, and 
Briggs, 1925). It has also been used in the earlier studies of 
physiologic specialization (Reed, 1924, 1927). 

In the present experiments, only a few varieties or strains 
which seemed to be significant for the present purposes were 
included in the tests. Two varieties belonging to Avena nuda 

TABLE 2 
Results with Ustilago Avenae (Pers.) Jens. 

















| 
Avenae NO. 1 Avenae NO. 5 Avenae NO. 16 
SEED Missouri France Kansas 
SPECIES AND VARIETY NO. ——— 
} ! | 
|| No. | No. % || No.| No.| &% No No Q% 
|| pl. | inf. | inf. || pl. | inf. | inf pl inf. | inf. 
ee eat Bs acc Bical Seed Sipacad —_|—_—_|_—— 
{vena barbata Brot. 830 |} 38| 38] 100.0 || 18] 17 | 94.4 -~j;—];— 
Avena brevis Roth 289 84/| O > & $3 0; oO 20 | O 0 
Avena nuda L. | | | 
Hull-less 30 126 | 116; 92.0 96 75 78.1 37 | 27 72.9 
Liberty 292 18] 17] 94.4 ]/ 18] 12 | 66.6 |) 18 | 15 | 83.3 
Avena orientalis Schreb 246 || 104 | 102 | 98.0 || 71 | 54 76.0 || 37 | 0 0 
‘ Green + eee 110 18; 18) 100.0} 18 18 100.0 14 | 14 100.0 
Avena sativa L } | | | 
Bicknell 341 || 83] 17] 20.4]] 36] 1 27H —| —]| — 
Black Diamond 116 52 46 88.4 || 14] 14 | 100.0 17 15 | 88.2 
Black Mesdag | 70 || 102 0 o |i 78 0 0 20 0] oO 
Black Norway 118 53 30 56.6 |} 19] 18 | 94.7 16 i? 62 
Canadian 119 || 149 | 148 | 99.3 || 101 | 88 | 87.1 39 | 39 | 100.0 
Early Champion || 150 20 20 | 100.0 37 37 | 100.0 39 39 100.0 
Early Gothland | 152 || 127 | 121] 95.2 || 77| 51 | 66.2|| 40] 1] 2.5 
Green Russian 11 316 || 55 34 61.8 || 35] 15 42.8 20 | 19 95.0 
Joanette 187 || 65 0 0 ‘ier 8} 0 39 34 | 87.1 
Markton 752 || SO}; Oo 0 a> @i «¢ 20 0; oO 
Monarch 161 || 145] 1] 0.6 || 93] 2 2.1 || 55 | Si | 92.7 
Monarch Selection 162 53 | 47] 88.6 || 40] 20 50.0 |} 39 33 | «(84.6 
Nebraska No. 21 280 || 43| 31 | 72.0 || s2| 29 | 55.7 || 38 | 25 | 65.7 
Rossman 322 || 58| 57 | 98.2 43| 20 | 46.5{/} 20] 0] O 
Scottish Chief 124 || 125 | 39 31.2 76 36 47.3 || 40 | 27 67.5 
Trisperma 64 62 | 52 83.8 27 | 16 59.2 18 iS | 83.3 
Victor 126 || 106 | 105 | 99.0 76 | 59 77.6 || 20 | 20 | 100.0 
Avena sterilis L | | | 
Burt 175 52 2 3.8 || 44] | 4.51) 10 | 0 0 
Fulghum 129 || 87 | 3 3.411 57 0 0 — — 
Navarro 946 || 17 | 0 0 i} —}|—] nl ae | a a ae 
Red Rustproof 131 ||} 98) 0 Oo jj} 63) O| Oo || 18 0 0 
Avena strigosa Schreb 587 94; 19] 20.21) 76] 0 | 0 || 18 0 | 0 








were inoculated, and both proved to be highly susceptible. 
The same is true of the two varieties of A. orientalis. Seven- 
teen varieties of A. sativa have been grown in the various ex- 
periments. In addition to Black Mesdag and Markton, two 
others stand out as distinctly resistant, namely, Joanette and 
Monarch. No infected plants of the former have been observed, 
while only one, in a total of 145 of the latter, has been obtained. 
The other varieties used have given comparatively high per- 
centages of infection, the lowest being secured with Bicknell 
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(17 infected plants out of a total of 83, or 20.4 per cent) and 
Scottish Chief (39 infected plants out of a total of 125, or 31.2 
per cent). 

This race has shown very slight capacity for infecting the 
varieties of the Red Oat Group, tests having been made with 
Burt, Fulghum, Navarro and Red Rustproof. Usually, entirely 
negative results have been secured, but occasionally a plant 
of Burt and Fulghum has been infected. The varieties of this 
group, however, stand out as strikingly resistant to this race 
of smut. 

Several varieties of Avena strigosa have been tested with 
this race, but only one of them, belonging to the subspecies 
glabrescens, has been used in comparison with the other collec- 
tions of loose smut. This strain has given very variable results 
with this race. In one experiment, a relatively high percentage 
of infection was obtained, while in four others, negative re- 
sults were secured. 

Another collection of loose smut, No. 5, has given results 
which closely parallel those just described. The original ma- 
terial of this collection was obtained by Dr. C. R. Hursh in 
June 1924 near Noisy de Roi, France. It has been tested out 
on all of the species and varieties except Navarro, and its 
behavior corresponds very closely with that of Collection No. 1. 
The only obvious difference is its failure to infect Bicknell and 
Avena strigosa. With the former variety, two tests were made 
in the field and only one plant out of 36 was infected. However, 
under similar conditions, Collection No. 1 gave practically 
negative results on this same variety. Four tests have been 
made with A. strigosa, and in no case did any infection occur. 
On the other varieties and species the collection behaved like 
No. 1. 

Race II is based on Collection No. 16. The material was 
collected at Hays, Kansas, in 1925 by Mr. F. A. Coffman 
and forwarded to me by Mr. T. R. Stanton. Office of Cereal 
Crops and Diseases, U. S. Department of Agriculture. Ac- 
cording to the original information, the smut was collected 
on the Burt oats. The smut, however, has shown no special 
capacity for infecting Burt oats or other varieties belonging 
to the Sterilis Group. However, the number of tests and plants 
of these varieties grown in the experiments was quite small. 
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The smut, however, stands out clearly from Race I. It 
infects severely both varieties of Avena nuda and Green Moun- 
tain, a Side Oat type, the other variety of this group giving 
entirely negative results. Three varieties of A. sativa, in addi- 
tion to Black Mesdag and Markton, namely, Black Norway, 
Early Gothland, and Rossman, gave practically negative re- 
sults. The other varieties tested usually gave high percentages 
of infection. 

From the positive standpoint, the outstanding features of 
this race are its capacity to infect Joanette and Monarch, two 
varieties completely resistant to Race I. With Joanette, 34 
out of 39 plants (87.1 per cent) and with Monarch, 51 out of 
55 plants (92.7 per cent) were infected. On the negative side, 
as already noted, it has failed to infect such varieties as Orien- 
talis (Seed No. 246), Black Norway, Early Gothland, and Ross- 
man, varieties which have usually given very high percentages 
of infection with Race I. Avena strigosa has also given entirely 
negative results. 

Race III is based on Collection No. 6. The material was 
originally collected by Dr. Hursh in the same locality as col- 
lection No. 5. The evidence is clear, however, that it is a dis- 
tinct race. It has proved capable of infecting both varieties 
of Hull-less oats. It has also severely infected Green Mountain, 
but the other Side Oat type gave practically negative results. 
Among the varieties of Avena sativa some, as Early Gothland, 
Green Russian, Nebraska No. 21, and Rossman, gave practical- 
ly no infection; other varieties, as Bicknell, Black Diamond, 
Early Champion, Monarch Selection, and Scottish Chief, 
gave relatively few infected plants. Severe infection of Joanette 
and Monarch was secured, and in this respect the race corres- 
ponds with the one previously described. It differs from this 
race, however, in its ability to infect Black Norway and also 
in giving practically negative results on Black Diamond. The 
varieties belonging to A. sterilis and A. strigosa all have proved 
to be resistant to it. 

Race IV is based on Collection No. 11. This was originally 
secured from contaminated oat seed received from Tunis. 
It also produces severe infection on the two varieties of the 
Hull-less Group and the Side Oat, Green Mountain. It is 
negative on Orientalis (Seed No. 246) and also on Early Goth- 
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land, Green Russian, Joanette, Monarch Selection, and Ross- 
man. It has severely infected Bicknell, Black Norway, Cana- 
dian, Early Champion, Scottish Chief, Trisperma, and Victor; 
Black Diamond, Monarch, and Nebraska No. 21 gave com- 
paratively low percentages of infection. It has also proved 
negative on the varieties of the Stertlis Group and Avena strigo- 
sa. It is very similar to Race II; it differs, however, in infect- 
ing much more severely Bicknell, less severely Monarch, and 
not at all infecting Joanette. 
TABLE 3 
Results with Ustilago Avenae (Pers.) Jens. 





1) 








Avenae NO. 6 || Avenae NO. 11 || Avenae NO. 9 | Avenae NO. 8 
France Tunis Germany England 
SPECIES AND VARIETY SEED : ee Bt ae oe. 
NO | | 
| No.|No / No.| No q No. | No oo / No.| No.| % 
| pl.linf.| inf pl.|inf.| inf. {| pl. | inf inf pl. | inf.| inf 
Avena barbata Brot... ..|| 830 || - | 15] 15} 100.0 25) 25/100.0 
Avena brevis Roth 289 36, 0 0 || 530} O 0 34 0 0 79 | 0 60 
Avena nuda L | | } } 
Hull-less 30 83} 44) 53.0)| 99) 52) 52.5)|) 81 | 65 | 80.2)| 147) 113) 76.8 
Liberty 292 18} 14) 77.7)| 19) 12} 63.1)| 18] 14 77.7 20} 18] 90.0 
Avena orientalis Schreb..|| 246 || 91) 1 1.0|| 66) 0} O 65; O| O 85; 0} 0 
Green Mountain 110 |} 18) 17) 94 18] 18} 100.0)| 18 | 18 | 100.0); 16) 0) O 
Avena sativa L. : | | | | | 
Bicknell 341 30; 3) 10.0]| 39] 27) 69.2)| 32 1} 3.1}} 29) 1} 3.4 
Black Diamond 116 || 34, 3 8.7)| 15} 2) 13.3)) 16 0 0 38 1} 2.6 
Black Mesdag 70 71) 0 0 69) 0 0 54 0} 0 126 0; 60 
Black Norway 118 19} 14) 73.6)| 19) 15) 78.9)} 19/| 15] 78.9 18} 16) 88.8 
Canadian | 119 || 90) $8} 97.7/| 99) 93) 93.9]| 69 | 69 | 100.0]| 137) 134) 97.8 
Early Champion 150 || 39} 12) 30.7)| 40) 30) 75.0)) 36 | 26 72.2 37 4; 10.8 
Early Gothland 152 99} 1 1.0)} 71) O Oo || S57; OF 0 127 m6 64.5 
Green Russian 316 || 491 Of 0 35} O| O 28 | 0 0 55) O| 0 
Joanette 187 40; 17) 42.5)| 37| 0 0 |) 37 0 0 36 0} 0 
Markton 752 || 57; 0| © || 39) of oO || 46] O| O || 42) oO O 
Monarch 161 || 91) 39} 42.8]| 94) 13} 13.8]] 62| 2 3.2]; 128} 5} 3.9 
Monarch Selection 162 38} 5) 13.1)|) 38) O 0 || 38] 2 5.2 39) O| O 
Nebraska No. 21 280 || 48) 0 0 Sil 4 7.8) 48) 4 8.3)) 51 0} 0 
Rossman 322 || 40) 1 2.5)| 40; 0} 0 | 39; OF 0 34 S..a8 
Scottish Chief 124 || 96) 34) 35.4)| 71| 47) 66.1)| 78 | $7 | 73.0)| 117] 55) 47.0 
Trisperma 64 || 28) 28] 100.0}/ 20) 19) 95.0)) 22 | 22 100.0); 14) 12) 85.7 
Victor 126 || 74) 70) 94.5|| 72) 56) 77.7|| 54 | 49 | 90.7)) 100) 93) 93.0 
Avena sterilis L | | | 1} | | 
Burt 175 || 61) Of O |} 46 Of Oo |} 35} 3] 8.5/| $3) 1 
Fulghum 129 || 79) O 0 || 76) O 0 58 1} 2.6}) 131 0} 0 
Red Rustproof 131 |} 76) O 0 34] O 0 53 0 0 111) 1} 0.9 
Avena strigosa Schreb. 587 || 46, OF O 57; 1 1.7|| 3 0; oO 89) 4) 4.4 


| 





Another collection, No. 9, has given results very similar to 
those obtained with No. 11. It was sent to me originally by 
Dr. Theo. Roemer, University of Halle, Germany, from material 
secured at Leipzig, Germany. It differs from the previous 
collection by its failure to produce a severe infection on Bick- 
nell, otherwise it runs quite close to this collection. It stands 
out from Race II by its infection of Black Norway and the 
negative results obtained with Joanette and Monarch. 
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Race V is based upon Collection No. 8. The original material 
was sent to me by Dr. George H. Pethybridge, having been 
collected in August 1924 at Somerset, England. It is very 
similar to Race IV, but differs distinctly from that one in 
its inability to infect Green Mountain and Early Champion. 
These two varieties have usually given high percentages of 
infection with the races already described. With this race, 
however, only 4 plants out of 37 of Early Champion were 
infected, and none out of 16 of the Green Mountain. Practically 
negative results have been obtained with the oats of the Stertilis 
Group, and only 4 plants out of 89 of Avena strigosa have been 
infected. 

Race VI is based upon Collection No. 10. The original 
material was sent to me by Dr. Roemer, having been made at 
Dahlem, Germany. The race is distinguished by the fact that 
it is incapable of producing severe infection of the Hull-less 
oats. Green Mountain and Orientalis (Seed No. 246) also gave 
practically negative results. A considerable number of varieties 
of the Sativa Group of oats also proved to be resistant to this 
race; in fact, it proved to be capable of severely infecting only 
the varieties Black Norway, Canadian, Early Champion, 
Trisperma, and Victor. The results were negative on the Sterilis 
varieties and Avena strigosa. 

Race VII is based upon Collection No. 7. The data recorded 
in the table were secured from material received from Dr. 
Pethybridge who, however, obtained it from Miss Sampson 
in Wales. The smut is identical with that previously used in 
my experiments and supplied direct by Miss Sampson. The 
race stands out from those previously described by its failure 
to infect Avena nuda and A. orientalis. Many varieties of 
A. sativa, including Bicknell, Black Diamond, Black Norway, 
Early Champion, Early Gothland, Green Russian, Joanette, 
Monarch, Monarch Selection, Nebraska No. 21, Rossman, 
Scottish Chief, and Trisperma, proved to be negative; in fact, 
only two varieties—Canadian and Victor—showed any high 
degree of susceptibility to this race. Avena sterilis and A. 
strigosa have also given essentially negative results. 

Race VIII is based upon another collection, No. 4, made 
by Dr. Hursh at Lambesc, France, in June 1924, and has given 
results very similar to those described for Collection No. 7. 
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It has run fairly parallel to it in its behavior with reference 
to the varieties. The only outstanding difference is its capacity 
for infecting Joanette; 26 out of 37 plants (70.2 per cent) of 
this variety were infected, while only 2 out of 35 plants (5.7 
per cent) were infected with the previous collection. Early 
Champion and Monarch also have given somewhat higher 
percentages of infection. Avena sterilis and A. strigosa have 
proved negative. 
rABLE 4 
Results with Ustilago Avenae (Pers.) Jen 


ivenae NO. 10 ivenae NO. 4 {venae NO. 7 {venae NO. 3 
Crermany France Wales France 
SPECIES AND VARIETY SEED ile = — 
N¢é 
No.|No % No.| No y/ No. | No % |\iNo.|\No.| &% 
pl.jinf.| inf pl. | inf inf pl inf inf pl. jinf.| inf 
Avena barbata Brot &30 15| 141 93.3 49 31 | 63.2 24) 24 100.0) 36) 36'100.0 
Avena brevis Roth 289 36) O 0 77 0 0 84) 0 0 49, O| O 
Avena nuda L 
Hull-less 30 80) 12) 15.0)) 125 2 1.6} 150) 2 1.3|/| 48) OF O 
Liberty 292 19} O 0 16 0 0 18) 0 0 
Avena orientalis Schreb 246 67) 0O 0 73 0 0 78) 1 1.2 
Green Mountain 110 14) 1 7.1 16 0 0 14/ O 0 
Avena sativa 
Bicknell 341 38; 2 5.0 40 1 2.5 30; 2 6.6 
Black Diamond 116 18; 1 2s 19 4 | 21.0 37; 5 13.5 
Black Mesdag 70 55| O 0 107 0 0 133) O 0 48) O| 0 
Black Norway 118 19| 18) 94.7 16 0 0 19' 1 5.2 
Canadian 119 70) 67) 95.7|} 125) 125 |100.0)) 182) 175 | 96.1)| 49 1 2.0 
Early Champion 150 36, 19) 52.7 37 13 | 35.1 39) 1 2.5 
Early Gothland 152 69 «0 0 98 0 0 141 1 0.7|| 27} O| O 
Green Russian 316 35 3 8.5 35 0 0 44, 0 0 
Joanette 187 38; 0 0 37, 26! 70.2 35} 2 5.7 
Markton 752 56 O 0 43 0 0 51, O 0 
Monarch 161 73| 5 6.8); 118) 22 18.6)| 151 1 0.6)| 41) O| 0 
Monarch Selection 162 38) 0 0 40 3 7s 56) 2 3.5 
Nebraska No. 21 280 54, 0 0 $1 0 0 51, O 0 
Rossman 322 383, 0 0 39 1 2.5 40 3 7.5 
Scottish Chief 124 74, O 0 96 0 0 142) 1 0.7); 19) O| O 
lrisperma 64 24) 17 70.8 29 0 0 20° 0 0 
Victor 126 62) 53 85.4 85 79 92.9)| 118) 98 83.0) 19 2; 10.5 
Avena sterilis L 
Burt 175 43) O 0 50 0 0 67| 0 0 
Fulghum 129 35 O 0 85 0 0 97 1 1.0); 50) OF 0 
Navarro 946 12} 0 0 
Red Rustproof 131 52) O 0 86 0 0 98} O 0 28) OF 0 
Avena strigosa Schreb 587 56] 0 0 103 0 0 95, 0 0 46, OF O 





Race IX is based upon Collection No. 12, which was ob- 
tained from Dr. L. R. Hesler, University of Tennessee, Knox- 
ville, Tennessee, in the summer of 1924. The special feature 
of this collection is its capacity to infect the Fulghum oats 
of the Sterilis Group. Seven different strains of these oats, 
including Frazier and Kanota, have been tested in two or 
more experiments. The percentage of infection has varied from 
62.5 to 82.7, and in some of the individual experiments, 100 
per cent infection was obtained. It is evident that these oats 
are highly susceptible to this collection of smut. 
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On the other hand, the Red Rustproof type of Avena sterilis 
has proved to be entirely resistant. Six different strains, 
including Nortex, have been inoculated, and none of them has 
shown any infection. The varieties Burt, Nigra, and Selec- 
tion, all recognized varieties of the Red Oat Group, have also 
proved to be negative to this collection. 

The Hull-less oats, however, have proved to be susceptible, 
one strain giving 89.9 per cent infection. Liberty was tested 
in only one experiment, and gave a comparatively low number 
of infected plants. Orientalis (Seed No. 246) proved to be ex- 
tremely resistant. 

Among the Sativa types several, including Bicknell, Black 
Diamond, Canadian, Trisperma, Victor, and Winter Turf, gave 
high percentages of infection, and thus every indication of 
extreme susceptibility to this race. The variety Monarch gave 
22 infected plants out of a total of 129 (17 per cent). Various 
other varieties, including Black Mesdag, Early Gothland, 
Green Russian, Joanette, Markton, Nebraska No. 21, Ros- 
man, and Scottish Chief, proved highly resistant. No infected 
plants were obtained with Avena strigosa or A. brevis. On the 
other hand, A. barbata gave 100 per cent infection. 

Two other collections have given results very similar to those 
just described. Collection No. 13 was obtained from Mr. T. R. 
Stanton, Office of Cereal Crops and Diseases, U.S. Department 
of Agriculture, who collected the smut on Fulghum oats at 
Lawton, Oklahoma, in June 1925; Collection No. 14 was ob- 
tained from Mr. P. B. Dunkle, Superintendent of Sub-Station 
No. 6, Texas Agricultural Experiment Station, Denton, Texas, 
also being collected on the variety Fulghum, in June 1925. 
In general, these two collections have given results corres- 
ponding with those obtained with No. 12. However, two or 
three differences stand out. While practically negative re- 
sults were obtained with Collection No. 12 on A. orientalis 
(Seed No. 246), with Collection No. 13, 21 out of 45 plants (46.6 
per cent) were infected, and with Collection No. 14, 11 out 
of 42 plants (26.1 per cent). Early Gothland gave negative 
results with No. 12, 96 plants being inoculated, and with No. 
13, 29 plants out of 78 (37.1 per cent) were found infected, and 
with No. 14, 28 plants out of 72 (38.8 per cent). These results 
suggest the possibility of further specialization in these collec- 
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tions, although they all have the common capacity for attacking 
severely the Fulghum strains of Red oats. 


Race X is based upon Collection No. 15 
ial was received from Mr. Dunkle in June 1 


. The original mater- 
925. It was collected 


on the Red Rustproof variety. Early experiments showed that 


SPECIES AND VARIETY 


Avena barbaia Brot 
Avena brevis Roth 
Avena nuda L.. 
Hull-less 
Liberty 
Avena orientalis Schreb 
Avena sativa 
Bicknell 
Black Diamond 
Black Mesdag 
Canadian 
Early Champion 
Early Gothland 
Green Russian 
Joanette 
Markton 
Monarch 
Nebraska No 
Rossman 
Scottish Chief 
Trisperma 
Victor 
Winter Turf 
Avena sterilis L 
Burt 
Frazier 
Fulghum 


21 


Kanota 
— 


Navarro 

Nigra 

Nortex 

Red Rustprooi 
« « 


“ - 
« “ 
. ~ 


Selection 
Avena strigosa Schreb 


N 
> 
w 


Results with Ustilago Avenae (Pers.) 


TABLE 5 


Jens. 





SEED 
NO 


830 
289 


30 
292 


246 


341 


150 


~ t 
-_ wn 
wn 


Avenae NO. 12 


Avenae NO. 13 





Tennessee Oklahoma 
| | 
No No.| q No No o/ 
pl. jinf.| inf. pl. jinf.| inf. 
16} 16) 100.0 15; 15) 100.0 
43} 0 0 38} O 0 
| 
109} 98} 89.9]; 83) 46) 55.4 
18} 3) 16.6 1 4| 21.0 
59) 1 1.6|| 45) 21) 46.6 
38; 34) 89.4 39} 12} 30.7 
81; 62) 76.5 50) 35 70.0 
93) O 0 80; O 0 
84; 80) 95.2 55) 50; 90.9 
96] 0 0 78] 29) 37.1 
39} O| O 32} 2 6.2 
20 0} 0 19 0 0 
35} O| O 37] O 0 
129) 22 17.0 79} 25) 31.6 
31} O 0 29) 1 3.4 
30) 0} O || 28) 3) 10.7 
Bo me &. 58} 6) 10.3 
27| 16} 59.2|} 25) 2 8.0 
94] 75| 79.7|| 58] 27] 46.5 
22) 21) 95.4 | - 
89} 1) 1.1)) 62] 4] 6.4! 
39| 27) 69.2 58} 19} 32.7 
120} 75} 62.5|| 118) 79] 66.9 
79| 64) 81.0 36) 24) 66.6 
91) 61) 67.0)| 43) 35) 81.3 
81| 67| 82.7|| 96) 59] 61.4 
89] 71; 79.7|| 82) 48) 58.5) 
33| 27} 71.0|| 54) 30| 55.5 
19} oO} 0 32} O 0 
37} OF 0 36, 0} O 
a i oO 55) 0 0 
101; 0 0 83) 0 0 
18} 0 0 19} 0 0 
85| 0} 60 69} 1 1.4 
90; 0} 0 69| O 0 
87} OF 90 88} 0} 0 
35} 0 0 311 O 0 
20; 0 0 20, O 0 





Avenae NO. 14 Avenae NO. 15 


Texas Texas 
} 
No.|No.| % No. No. % 
pl. jinf.| inf pl. jinf.| inf. 
18} 18) 1°0.0 16) 12) 75.0 
29) O 0 18} OF} 0 
04) 56 58.5 59) oO} 0 
19 7 36.8 20; OF 90 
42} 111 26.1 37, OF O 
37) 31 83.7 15 1 6.6 
57; 44) 77.1 60; 1 1.6 
77; O 0 36, OF O 
58| 44 75.8 58) 49) 84.4 
i — i8} O| 0 
72] 28) 38.8]| 68) O| 0 
28} 5| 17.8 
18} 0 0 20; O| 0 
34, 0 0 42) O| 0 
79} 2 2.5 645 O| O 
25 1 4.0 18} O} 0 
30 1 3.3 —} 
50; 3 6.0 38) O}| O 
26} 8 30.7 17} Oo} 90 
56, 30) 53.5 35} 2) =5.7 
- | -— 
~ a 
66) 2 3.0 32) 3} 9.3 
59] 36; 61.0)) 58) O| O 
| 122) 90} 73.7 60} OF 0 
58 51; 87.7 43 0 60 
45) 39| 86.6 20; O| 0 
95; 69} 72.6)| 47) 1) 2.1 
81) 68 83.8); 15) 0 0 
54) 42} 77.7|| 38) 1) 2.6 
37; O 0 | 33} O} 0 
341 O| O || 37] 2) 5.4 
57} OF 0 51; 25) 49.0 
86} O| O 81} 52) 64.1 
13} O} O || 49) 28) 57.1 
70} Oo} O 150} 91| 60.6 
57) 0 0 36) 27) 75.0 
8&3} 0 0 69| 39) 56.5 
35) 0 0 32} OF 0 
20; O 0 - 





the original material was a mixture, but a very distinct race, 


capable of attacking Red Rustproof, was separated out. 


Five 


strains of this variety gave infections ranging from 56.5 to 
Nortex, in three tests, gave 25 infected plants 


75.0 per cent. 


out of 51 (49.0 per cent). In striking contrast to these results, 
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the Fulghum strains gave negative results. Burt, Navarro, 
and Selection also proved to be essentially negative. 

This race also proved incapable of infecting Avena brevis, 
A. nuda and A. orientalis. It was not tested on A. strigosa. 
Among the varieties of A. sativa, only one, Canadian, showed 
any conspicuous susceptibility to the race. With this variety, 
49 out of 58 infected plants (84.4 per cent) have been obtained. 
Avena barbata has proved to be highly susceptible in the one 
experiment in which it was inoculated. 

Race XI is based upon Collection No. 3. This was made by 
Dr. C. R. Hursh at Bandole, France, in May 1924, on Avena 
barbata. It has proved to be a very distinct specialized race 
of the loose smut, being capable of infecting only A. barbata, 
the host upon which it was collected. Practically negative re- 
sults have been obtained with A. brevis, A. nuda, A. strigosa, 
A. sterilis, and.six varieties of A. sativa, including Black Mes- 
dag, Canadian, Early Gothland, Monarch, Scottish Chief, and 
Victor. 

The evidence is clear that at least eleven distinct races of 
loose smut are found among the collections which have been 
used in these experiments. It is further probable that one or 
two other races may be differentiated. Further experiments, 
however, will be necessary in order to determine this. 

The outstanding features of all of these races may be men- 
tioned. Avena barbata is susceptible to all of them, although 
it has not been tested with Races II and III. Extremely high 
infections have been obtained with such diverse races as I 
and IX. 

In contrast to Avena barbata, A. brevis has proved to be 
entirely resistant. It has been tested with all of the different 
races, and not a single plant has been found to be infected. 
Only one strain of A. strigosa has been used with these races, 
and it has proved essentially negative in every case except 
with Race I. It is possible, of course, that other strains or 
varieties of A. brevis and A. strigosa would show a suscepti- 
bility to one or more of these specialized types. 

Avena orientalis (Seed No. 246) has proved to be highly 
susceptible to only Race I. It is somewhat susceptible to Col- 
lections No. 13 and 14, and this may be sufficient to separate 
these collections off from No. 12, which are now grouped as 








462 BULLETIN OF THE TORREY CLUB [VOL. 56 


Race IX. Green Mountain is very susceptible to Races I, II, 
III and IV, but has proved to be negative to V, VI, VII, and 
VIII, not having been tested with the remaining three. 
Hull-less (Seed No. 30) is very susceptible to Races I, II, 
III, IV, V, and IX, being negative to all the others. Liberty 


rABLE 6 
Summary of results with U stilago levis (K. & S.) Magn 
PHYSIOLOGIC RACE 
I " II IV \ 
= - & - - 
= = = | 4 o s a) 
212/314) 2| 3) 9] e] 2 
21/0/ 3B} 2] a] e/a] a] 6 
OLLECTION NUMBER 
SEED 
SPECIES AND VARIETY NO 1 7 8 9 4 6 ; 5 10 
Avena barbata Brot 830 4 5 4 5 5 
Avena brevis Roth 289 1 2 2 2 2 5 1 2 0 
{vena nuda L 
Hull-less 30 5 5 5 5 5 0 2 4 
Liberty 292 5 5 5 5 5 0 0 
vena ortentalis Schreb 246 1 0 0 2 0 0 0 0 0 
Green Mountain 110 5 5 5 5 5 0 0 0 
{vena sativa L } 
Bicknell 341 l 1 l l 1 0 1 1 |} O 
Black Diamond 116 | 1 3 3 2 0 0 4 0 
Black Mesdag 70 0 0 0 0 0 0 0 0 0 
Black Norway 118 0 0 0 0 0 0 0 0 0 
Canadian 119 5 5 5 5 5 l 5 5 5 
Early Champion 150 5 5 5 5 5 0 0 0 0 
Early Gothland 152 1 1 0 0 0 0 1 1 0 
Green Russian 316 0 0 0 0 0 0 0 1 
Joanette 187 0 0 0 0 0 5 4 0 
Markton 752 1 0 0 0 1 0 0 0 0 
Monarch 161 5 5 5 5 5 0 5 5 0 
Monarch Selection 162 0 0 0 1 0 0 0 0 
Nebraska No. 21 280 0 1 0 1 0 0 0 0 0 
Rossman 322 0 0 1 0 2 0 0 0 
Scottish Chief 124 0 0 0 0 0 0 0 0 0 
Trisperma 64 0 0 0 0 0 0 0 1 0 
Victor 126 5 5 5 5 5 0 4 5 5 
ivena sterilis I 
Burt 175 2 1 l 2 1 0 0 1 1 
Fuighum 129 1 0 0 0 0 0 0 0 0 
Navarro 046 0 0 0 0 , 
Red Rustproof 131 1 0 0 0 0 0 0 0 0 
{vena stricosa Schreb 587 4 3 4 3 4 5 3 2 1 


® In the body of this table numerals are used as symbols with the following significance 
=No trial 5 

0 =No infection 
1 =1-10 per cent 


11-25 per cent 5 =75-100 per cent 
26-50 per cent 
51-75 per cent 


wr 


oats usually corresponded very closely with this variety. 
Among the varieties of Avena sativa, Black Mesdag and 

Markton were completely resistant to all of the races; no in- 

fections were obtained with either of them. Markton was not 
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used in the experiments with Race XI. The variety Canadian 
has proved to be extremely susceptible. It was attacked by 
all of the races except XI. It is further interesting that it is 
the only variety of this group which was infected by the Red 
Rustproof Race. Victor is almost as susceptible a variety as 
Canadian. Its susceptibility corresponded with this variety in 
every respect, except that it proved to be resistant to Race X 
as well as to Race XI. The other thirteen varieties grown varied 
greatly in their susceptibility to the different races, and on 
this account made possible the differentiation between the dif- 
ferent collections. 

The varieties of Avena sterilis have proved resistant to all 
the races except two. The Fulghum types are very susceptible 
to Race IX and the Red Rustproof types to Race X. These 
races are distinguished respectively by their capacity to infect 
Fulghum and Red Rustproof oats. 

It is further interesting tg note that Miss Sampson (1929) 
has described a specialized race of Ustilago Avenae which is 
capable of attacking Avena brevis. The material was collected 
on A. strigosa, and the race is especially characterized by its 
capacity for infecting the three subspecies of A. strigosa—pilosa, 
orcadensis, and glabrescens—as well as A. brevis. It has proved 
to be entirely negative on A. muda and varieties of A. sativa. 


PHYSIOLOGIC RACES OF USTILAGO LEVIS 


Nine different collections of the covered smut obtained from 
different sources have been used in more or less extended ex- 
periments. Practically the same series of species and varieties 
of oats have been used as those employed in the different series 
with the loose smut. The data are recorded in tables 6 to 9. 

The outstanding features of all the nine collections are as 
follows: 

First. The high degree of susceptibility of Avena barbata to 
all the collections with which it was inoculated. Unfortunately, 
it was not included in the series with four of the collections of 
covered smut. In all the other cases, high percentages of in- 
fection, ranging from 72 to 100 per cent, have been obtained. 

Second. Avena brevis has usually been infected to a slight 
degree, only one collection giving negative results. With 
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Collection No. 6 it has given almost 100 per cent of infected 
plants. 

Third. Avena orientalis (Seed No. 246) has proved almost 
completely resistant to all of the collections, only one stray 
plant out of a total of 116, inoculated with Collection No. 1, 
being smutted; a few smutted plants were also obtained with 
collection No. 9. Green Mountain has given 100 per cent in- 
fection with several of the collections and negative results with 
the remainder. 

Fourth. In the Sativa Group, many varieties stand out as 
sharply resistant: Black Mesdag, Black Norway, Early Goth- 
land, Green Russian, Markton, Monarch Selection, Nebraska 
No. 21, Rossman, Scottish Chief, and Trisperma. In some of 
these varieties, notably Early Gothland, an occasional smutted 
plant has been observed, but usually all the plants in the ex- 
periments have remained free. The other varieties grown in 
the experiments have shown susceptibility to some of the col- 
lections, but resistance to the others. 

Fifth. The varieties of Avena sterilis have, as a rule, shown 
a high degree of resistance. No collection of the covered smut 
has shown a marked capacity for attacking any variety of this 
species. 

Sixth. Only one strain of Avena strigosa has been used in 
the experiments with all of the different collections; usually it 
has proved to be very susceptible, although one collection gave 
practically negative results. 

On the basis of the behavior of the different collections on 
the varieties grown, especially Hull-less, Green Mountain, 
Bicknell, Black Diamond, Canadian, Early Champion, Joanette, 
Monarch, and Victor, at least five distinct races of the covered 
smut can be distinguished. 

Race I is based upon Collection No. 1. The original material 
was collected near Columbia, Missouri, many years ago, and 
has been used in various experiments during the intervening 
years. Its outstanding features are its ability to severely infect 
Hull-less and Liberty, Green Mountain, Canadian, Early 
Champion, Monarch, and Victor. All of these have proved to 
be highly susceptible to this race of smut. 

Avena brevis has generally given negative results, but oc- 
casionally partially smutted plants have been secured. These 
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are characterized by a marked dwarfing of the infected stalks 
as compared with the usual height of the normal. 

The varieties Burt, Fulghum, and Red Rustproof have all 
shown a high degree of resistance. Occasionally an infected 
plant has been observed, particularly in the Burt and Fulghum 
varieties. 

The strain of Avena strigosa has shown a high degree of 
susceptibility. Several other varieties belonging to the various 
TABLE 7 
Results with Ustilago levis (K. & S.) Magn. 








Levis NO. 1 | Levis NO. 6 Levis NO. 10 
SEED Missouri | Wales China 
SPECIES AND VARIETY NO — 
No No gq No No QJ No No Qq 
pl inf inf. pl. | inf inf pl. | inf. | inf. 
Avena barbata Brot 830 36 | 26] 72.2 23 | 17 73.9 -| —| — 
Avena brevis Roth 289 103; 9 8.7 112 | 109 97.3 35 0; O 
Avena nuda L | 
Hull less 30 |} 118 | 112 94.01} 127; 2] 1.5 55 35 3. 
Liberty 292 20 | 20 | 100.0 }— 21 12 57.1 
Avena orientalis Schreb 246 116 1} 0.8 si] 0 0 36 0 | 
Green Mountain 110 13 13 | 100.0 || — | 35 0 | 
Avena sativa L 1 | 
Bicknell 341 83 4 4.8 32 0 0 16 0 | 0 
Black Diamond 116 53 5 9.2 15 0 0 33 0 | 0 
Black Mesdag 70 100 0 0 75; O| O 38} O 0 
Black Norway 118 |} s7| 0} Oo || 28] oO] Oo 19/ Oo] O 
Canadian 119 || 125 | 125 | 100.0 || 98 | 5 5.1 18 | 18 | 100.0 
Early Champion 150 43 41 | 95.3|| 20} o| oO 37} O| O 
Early Gothland. 152 135 5 3.7}| 87] O| O 20; 0 0 
Green Russian 316 || 73] 0 0 || 62 0; Oo 4 ao ~~. 
Joanette 187 93 | 0 0 - - 39 | 0 | 0 
Markton 752 || 45) 2 4.4 399! O| O 3z| O| Oo 
Monarch 161 || 160 | 157 | 98.1 || 106] 0 0 $5 0; oO 
Monarch Selection 162 47 0 0 25 | 0 0 40 0 0 
Nebraska No. 21 220 40 0; oO 5 0 0 17; O 0 
Rossman 2 65 0 0 20 0 0 } —| — 
Scottish Chief 24 || 110 0; o fi 81 0 0 a | ee 
l'risperma 64 69 0 ,. 2 2s 8 0 wi. O41 -s 
Victor 126 139 | 136 | 97.8 || 122] 0 0 39 | 32] 82.0 
Avena sterilis L | | 
Burt 175 52} 6] 11.5 44) OO} O 29]; 2 6.8 
Fulghum 129 || 86| 4] 4.6]|| 64] O| 0 20} O| 0 
Navarro 946 13 0; oO - — | —|—| 
Red Rustproof 131 ma. 3h 2a 44 0 0 35 0; 0 
Avena strigosa Schreb 587 90 63 70.0 82 79 96.3 48 2 | 4.1 





subspecies of A. strigosa have also proved to be very suscep- 
tible. Individual tests have been made with pilosa, orcadensts, 
and glabrescens. One strain, however, has given negative re- 
sults. 

Four other collections have given practically the same re- 
sults as those obtained with Collection No. 1: No. 4 collected 
by Dr. C. R. Hursh near Bologna, Italy, in 1924; No. 7 by 
Prof. W. P. Fraser in Canada; No. 8 by Prof. George L. 
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Zundel at Pullman, Washington, and No. 9 by Dr. Theo. 
Roemer, who obtained it from Holland. These four collections 
from widely separated localities have run quite parallel to the 
original collection from Missouri. The varieties used in the 
present experiment have not been sufficient for showing any 
specialization of these collections, if such specialization ac- 
tually exists. 

Race II is based on material originally received from Miss 
Sampson in Wales in 1923, and data obtained from experiments 
with this collection have already been published. A second 
collection was received in 1925 from Dr. Pethybridge, who, how- 
ever, obtained the material from Miss Sampson. The data 
presented in the table were secured with this collection, No. 
6, but it has shown complete conformity with the original one 
received from Wales. 

The conspicuous features of Race II are its capacity to 
infect Avena brevis and A. strigosa. Usually, 100 per cent of 
infected plants is obtained. It is equally severe on practically 
all varieties of A. strigosa, although one or two distinct strains 
have shown complete resistance; several strains of A. brevis 
have also proved to be entirely resistant. On the other hand, 
it is negative or nearly so on all varieties of A. nuda, A. sativa, 
A. orientalis and A. sterilis. 

Race III is based upon Collection No. 3. The material was 
sent to me by Dr. C. R. Hursh from St. Cannot, France in 
1924. The race shows a limited capacity for infecting oat 
varieties. It is entirely negative on the Avena nuda, A. orientalis, 
and A. sterilis groups, and only four varieties of A. sativa 
have proved to be susceptible, namely, Canadian, Joanette, 
Monarch, and Victor. It has not given very high prercentages 
of infection of A. strigosa, and only a few partially infected 
plants of A. brevis have been obtained. 

The outstanding features of the race, as compared with I, 
are its inability to infect Hull-less, Liberty, Green Mountain, 
and Early Champion. It is equally conspicuous by its capacity 
for infecting Joanette, a variety which has given negative re~ 
sults with Race I. 

Race IV is based upon Collection No. 5, which was sent to 
me by Dr. Pethybridge from Shinfield, Berkshire, England. 
It shows a close similarity to Race III. It has almost the same 
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ability to infect the varieties. It is negative or practically so 
on the Hull-less oats, Green Mountain, and Early Champion. 
It severely infects such varieties as Canadian, Joanette, Mon- 
arch, and Victor. It is distinguished from the previous race 
by its ability to infect Black Diamond. With this variety, out 
of 52 plants inoculated, 38 (73.0 per cent) have been smutted. 
On the other hand, 50 inoculated plants with Race III gave 
entirely negative results. 
TABLE 8 
Results with Ustilago levis (K. & S.) Magn. 


Levis No. 7 Levis No. 8 Levis NO. 9 
SEED Canada . Washington Holland 
SPECIES AND VARIETIES NO eS 
No No o// No No ay// No No | qi 
pl inf inf pl inf inf pl. | inf. | inf. 
{vena barbata Brot 830 _ 
{vena brevi tot 289 68 11 16.1 47 9 19.1 72 9 12.4 
{vena nuda L 
Hull-less 30 75 61 81.3 56 46 82.1 83 71 | 85.5 
Liberty 292 19 17 89.4 20 17 85.0 20; 19] 95.0 
{vena ortentalis Schret 24¢ 43 0 0 52 0 0 51 os 8 
Green Mountain 110 34 34 | 100.0 14 13 92.8 34) 34] 100.0 
{vena sativa L | 
Bicknell 341 37 1 2.7 30 1 3.3 3) 3 7.8 
Black Diamond 116 31 3 9.6 16 7 43.7 mas Et H.S§ 
Black Mesdag 70 51 0 0 52) Oo 0 54/1 O} O 
Black Norway 118 19 0 0 17 0 0 17; O | oO 
Canadian 119 76 76 | 100.0 51 51 100.0 79 | 78) 98.7 
Early Champion 150 61 58 95.0 17 15 88.2 57 50 | 87.7 
Early Gothland 152 61 1 1.6 fas. 0 60 0; O 
Green Russian 316 15 0 0 10 0 0 is| 0 0 
Joanette 187 58 0 0 17 0 0 56 | 0 | 0 
Markton 752 48 0 0 39 0! oO 39; O} 0O 
Monarch 161 120 | 113 94.1 54 54 | 100.0 119 | 110 | 92.4 
Monarch Selection 162 19 0 0 20 0 | 0 
Nebraska No. 21 280 32 3 9.3 24 0 0 29 | 1 | 3.4 
Rossman 322 15 0 0 14 1 7.1 is} oO]; O 
Scottish Chief 124 45 0 0 50 0 0 54 | 0 | 0 
rrisperma 64 20 0 0 19 0 0 27} O ER. 
Victor 126 78 75 96.1 50 50 | 100.0 S4 81 | 96.4 
{vena sterilis L | | 
Burt 175 41 4 9.7 36 3 8.3 46) 8] 17.3 
Fulghum 129 39 0 0 37 0 0 38 0 0 
Navarro 946 12 0 0 11 0 0 
Red Rustproof 131 18 0 0 18 0 0 23 | 0 | 0 
1vena strigosa Schreb 587 || 83 | 22] 26.5 31] 19) 61.2 || 83] 25] 30.1 





Race V is based upon Collection No. 10. The original ma- 
terial came from the Experimental Farms at Sui-Yuan, Inner 
Mongolia, being sent to me by Prof. Chunjen C. Chen in 1927. 
The race stands out sharply by its ability to infect Hull-less and 
Liberty and also Canadian and Victor. It has proved to be 
negative or practically so to all the other varieties on which it 
has been tried. It is especially striking that it has failed to 
infect Avena brevis, A. strigosa, and such varieties of A. sativa 
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as Early Champion and Monarch. Unfortunately, it has not 
been used on A. barbata. 

Miss Sampson (1929) has recently described a distinct new 
race of covered smut. She obtained a collection from England 
which proved capable of infecting severely certain varieties of 
Avena sativa, but was entirely negative on A. strigosa orcadensis, 
A. brevis, and practically soon A. nuda. It is evidently very close 
in its behavior to my Race IV. 

TABLE 9 
Results with Ustilago levis (K. & S.) Magn 








1 
Levis NO. 4 Levis NO. 3 





“Tt NO 5 
|| SEED Italy France England 
SPECIES AND VARIETY NO . a 
No No g No No ‘ No No ; 
pl inf inf pl inf inf pl inf inf 
Avena barbata Brot 830 12 12 | 100.0 13 13 | 100.0 18 18 | 100.0 
Avena brevis Roth 289 || 114 15 13.1 122 8 6.5 115 13 11.3 
Avena nuda L 
Hull-less 30 112 | 106 04.6 139 0 0 127 20 15.7 
Liberty 292 17 15 88.8 18 0 0 17 0 0 
Avena orientalis Schreb 246 52 0 0 75 0 0 60 0 0 
Green Mountain 110 34 34 | 100.0 39 0 0 37 0 0 
Avena sativa 
Bicknell 341 29 2 6.8 25 1 4.0 27 1 3.7 
Black Diamond 116 34 5 14.7 50 0 0 52 38 73.0 
Black Mesdag 70 || 73 0 0 88 0 0 && 0 0 
Black Norway 118 36 0 0 41 0 0 44 0 0 
Canadian 119 97 | 97 100.0 106 | 105 99.0 145 | 138 95.1 
Early Champion 150 36 34 | 94.4 38 0 0 62 0 0 
Early Gothland 152 || 87 | 0 0 106 | 0.9 102 1 0.9 
Green Russian 316 || 33] O 0 56 0 0 51 1 1.9 
Joanette 187 |} 37} O|} O 36 31 86.1 55 29 50.9 
Markton 752 || 50 2 4.0 45 0 0 37 0 0 
Monarch 161 123 | 119 96.7 136 | 125 91.9 195 | 162 83.0 
Monarch Selection 162 43 1 2.3 40 | 0 0 45 0 0 
Nebraska No. 21 280 27 0 0 27 0 0 14 0 0 
Rossman 322 19 2 10.5 20 0} 0 15 0 0 
Scottish Chief 124 68 0 0 99 0 0 84 0 0 
Trisperma 64 50; Oo 0 50 0 0 44 1 2.2 
Victor 126 90 | 88 | 97.7 /| 120| 77] 64.1 || 148 | 125 | 84.4 
Avena sterilis L 
Burt 175 || 38} 3 | 7.8 56 0 0 86 2 2.3 
Fulghum 129 59 0 0 75 0 0 72 0 0 
Navarro 946 | 10 0 0 
Red Rustproof 131 28 0 0 | 34 0 0 39 0 0 
Avena strigosa Schreb $87 || 105 | 70 | 66.6 || 109} 32) 29.3 || 122 20 | 16.3 


DISCUSSION 


In the present experiments, fifteen different collections of 
Ustilago Avenae and nine of U. levis from widely separated 
localities have been studied with reference to their behavior on 
twenty-eight varieties and strains of oats belonging to seven 
different species. As a result of these experiments, eleven spe- 
cialized races of loose smut and five races of covered smut have 
been differentiated on the basis of their capacity for infecting 
the varieties of oats grown. 
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So far as tested, all of the collections have proved capable 
of infecting Avena barbata. This species has been particularly 
susceptible to all races with which it has been inoculated. It 
is especially interesting that one race of Ustilago Avenae 
is distinguished by the fact that it is capable of attacking only 
this species. 

None of the races of loose smut have shown any capacity 
for attacking Avena brevis. On the other hand, all the races of 
covered smut are capable of infecting this species, with the 
exception of Race V. However, only one race, II, has been able 
to produce a severe infection on this oat. In the other cases, 
relatively few plants have been smutted, and these only par- 
tially so. 

Only two varieties of Avena sativa, Black Mesdag and 
Markton, have shown a conspicuous resistance to all races of 
both loose and covered smut. On the other hand, the varieties 
Canadian and Victor have shown unusual susceptibility to the 
various races of both species of smut. There are, however, two or 
three races to which these varieties have proved to be resistant. 

The other varieties of Avena sativa, together with those of 
A. nuda, A. orientalis, A. sterilis, and A. strigosa, have shown 
varying degrees of susceptibility to the races of loose and 
covered smut, and it is through their behavior that the different 
races have been differentiated. It is particularly noteworthy 
that Black Norway, Early Gothland, Green Russian, Nebraska 
No. 21, Rossman, Scottish Chief, and Trisperma are unusually 
resistant to all races of covered smut, while extremely suscep- 
tible to one or more distinct races of loose smut. On the other 
hand, Monarch, and to some extent, Joanette, have proved 
more susceptible to the covered smut races. 

It is interesting to note that there are sharply defined races 
of loose smut capable of attacking varieties of Avena sterilis, 
one being peculiar in its capacity for infecting Fulghum and 
another for infecting Red Rustproof. Further, I have found 
no well defined race of Ustilago levis which severely attacks any 
variety of this species. An occasional infected plant with some 
races of covered smut is observed, but so far, no distinct race 
of this smut, more or less restricted to these varieties, has 
been discovered. 
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It must be emphasized that the data obtained are based upon 
the use of well defined strains of oats. Other selections passing 
under similar names may give entirely different results; for 
example, certain varieties and strains of both Avena strigosa and 
A. brevis differ strikingly from those used. Further, I have a 
selection of Monarch which is exactly the reverse in its behavior 
to the one which I have grown in these experiments. It is 
negative to Race I of the covered smut, while highly susceptible 
to Race I of the loose smut. 

It is obvious that these specialized races have special signifi- 
cance in the problem of the study of inheritance of smut re- 
sistance. It is just as important, in such investigations, to 
use known races of smut as it is pure line material of the oat 
varieties. 

BROOKLYN BoTANic GARDEN 

Brooxkiyn, N. Y. 
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A morphologic study of the variations in Stellaria aquatica 
with special reference to symmetry and sterility 


Epwin B. MATZKE 
(WITH THIRTY-TWO TEXT FIGURES) 


The variability within the genus Stellaria, and even within 
certain species of that genus, has long been known and strongly 
emphasized; the coherence or trends within the genus and 
species, however, are by no means agreed upon, though the 
flowers form a very wide-ranging and possibly evolutionary 
series. 

In the present study particular attention has been paid to 
Stellaria aquatica (L.) Scop. and Stellaria media (L.) Cyr., not 
with a view to distinguishing new varieties, but rather with 
the aim of determining the biological type for each of these 
species, which vary strikingly, not merely in different indivi- 
duals, but, especially in S. media, in different parts of the same 
plant. The present paper gives the data on S. aquatica, and 
is to be followed by a study of the floral types in S. media, and 
of the correlation of external and internal variations in the 
flowers of these two species. 

S. aquatica represents the maximum development, particu- 
larly as regards the number of parts in the flower, not only 
for the members of the genus, but for the Caryophyllaceae in 
general; and from such a type the increasing reduction in the 
number of parts in the flower of the Alsinoideae may well have 
progressed. 

LITERATURE REVIEW 

Linnaeus (in the Species Plantarum, 1753), classifying 
plants on the basis of the number of stamens and carpels, 
recognized the genera Alsine (p. 272), in which he included 
A. media, with five stamens and three carpels; Stellaria (p. 
421) with ten stamens and three carpels; and Cerasttum (p. 
437) with ten stamens and five carpels. Because of its ten sta- 
mens and five carpels he placed the species now recognized as 
Stellaria aquatica in the genus Cerastium. Thus began the 
confusion in the nomenclature of the genus Stellaria 
which has resulted in the following extensive list of the more 
important synonyms of this species. 
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Cerastium aquaticum Linnaeus, Species Plantarum 439. 1753. 
Stellaria aquatica Scopoli, Flora Carniolica ed. 2. 1: 319. 1772. 
Alsine uliginosa Villars, Prospectus .... Dauphin. 48. 1779. 
Cerastium maximum Gilibert, Flora Lithuanica 2: 158. 1781. 
Myosoton aquaticum Moench, Methodus plantas describendi 225. 1794, 
Myosanthus aquaticus Desvaux, Jour. de Bot. Desv. II. 3: 227. [1816?]. (See 
note on page 531.) 
Malachia aquatica Fries, Flora Hallandica 77. 1817. 
Larbrea aquatica Seringe in DeCandolle, Prodromus Syst. Nat. 395. 1824. 
Not L. aquatica A. St. Hilaire, Mém. Mus. Hist. Nat. 2: 287. 1815. 
[= Stellaria uliginosa Murray, Prodr. Stirp. Gott. 55. 1770]. 
Cerastium deflexum DeCandolle, Prodromus Syst. Nat. 417. 1824. 
Malachium aquaticum Fries, Novitiae Florae Suecicae 121-122. 1828; 
Hegi, Illustrierte Flora Mittel-Europa 3: 348. 1911-1913. 
Stellaria pentagyna Gaudin, Flora Helvetica 3: 179. 1828. 
Stellaria media a aquatica O. Kuntze, Revisio Gen. Plant. 1: 52-55. 1891. 
Alsine aquatica Britton, Mem. Torrey Club 5: 356. 1894; Small, Flora 
S. E. United States 421-423. 1913; Rydberg, Flora Rocky Mountains 
268-271. 1917. 

It is interesting to observe that the first change from the 
Linnaean disposition of the species was in its transference by 
Scopoli in 1772 from Cerastium to Stellaria, a position which 
would doubtless be regarded by a majority of modern taxono- 
mists as expressing its natural affinity, and which appears 
to be confirmed by the present investigation. It will be seen, 
however, from the list, that opinion has varied widely in regard 
to the disposition of S. aquatica, from the attempts to constitute 
a separate genus for it on the one hand, to Kuntze’s reduction 
of it to a mere variety of S. media on the other. The generic 
name Malachium Fries had rather wide acceptance in the litera- 
ture of continental Europe during the nineteenth century (and 
even down to Hegi’s recent Flora), though Myosoton Moench 
clearly has priority. Britton, finally, has revived the ancient 
genus Alsine (based according to him on the type species A. 
media L.), and restored to it the species separated under Stel- 
laria by Linnaeus; in this he has been followed by Small, 
Rydberg, and some other American authors.' In Europe the 


1 Further confusion in regard to the use of Alsine has been introduced by 
the fact that House, in his Annotated list of the ferns and flowering plants of 
New York State (N. Y. State Mus. Bull. 254: 321-322), has interpreted the 
Linnaean genus Alsine as synonymous with Spergularia Pers. and Tissa and 
Buda Adans., while with Pax (1889) in Engler and Prantl, and other European 
authors the genus Alsine Wahlenb. has been in use for an entirely different 
group of species. 
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name Stellaria has been largely retained (Pax, 1889, in Engler 
and Prantl; Index Kewensis, 1895; Richter, 1897; Béguinot, 
1910; Engler and Gilg, Syllabus der Planzenfamilien, ed. 9-10, 
1924). Stellaria is used also in Gray’s New Manual of Botany, 
ed. 7, and by some other American botanists. 

When the species S. aquatica is included in the genus Stel- 
laria, the more primitive character of its pistil is commonly 
emphasized by making it the sole species in a section of the 
genus, asin the section Malachium of Hooker (Flora British India 
1: 229-230. 1875), or the subgenus Myosoton of Pax (1889). 

A number of varieties of S. aquatica have been described. 
Lejeune’ in addition to Cerastium aquaticum described C. scan- 
dens, which he said differed from the former by its twining habit. 
Fries* mentioned a variety, Malachium aquaticum 6 saxatile 
with the stems four-angled, the leaves narrower than in the 
typical form, and the peduncles few and terminal. Fries recog- 
nized the possible influence of environment in this case, and 
added in a note that this form growing among the rocks of a 
canal would be exposed to heat and strong light. In his general 
description of S. aquatica Petermann‘ characterized it as hav- 
ing a stem smooth below, glandulose-pubescent above, and then 
distinguished two forms, the first with the stem pubescent, the 
second with the stem smooth, but with the ‘corymb only giandu- 
lose-pubescent.’ Willkomm! noted a form which he designated 
Malachium calycinum, differing from the normal form in its 
single line of cauline hairs, shorter leaves, non-glandular pedi- 
cels and calyx, and especially in the short, included petals. 
Godron® described two varieties for Lorraine, M. aquaticum a 
scandens, 6-8 dm., climbing, leaves of the floral stem all sessile; 
and M. aquaticum 8 arenarium, a smaller plant, 1-3 dm., less 
developed in all its parts, with the lower leaves of the fertile 
stems petioled, truncate at the base, and the inflorescence 
poorly developed. The variety 8 arenarium was found in sand. 
Schur’ described two varieties: M. aquaticum a alpinum, with 
stems prostrate, 2.3-3 dm. long, leaves and stem pubescent, 
the lower leaves petioled; and M. aquaticum b angustatum hav- 


* Lejeune, Flore des environs de Spa 210-211. 1811. * Fries, Nov. FI. 
Suec. 121-122. 1828. ‘ Petermann, Flora Lipsiensis 330-331. 1838. *® Will- 
komm, Spicilegium florae Hispanicae. Bot. Zeit. 5: 233-241, 1847. * Godron, 
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ing stems erect-ascending, hirsute but smooth above (‘superne 
glabris’) the leaves 2.5 cm. long, 12.5 mm. wide, and purple 
veined. In a later publication Schur® described three additional 
varieties: M. aquaticum arenosum glomeratum, distinguished 
chiefly by the bushy, stiff, upright character of the plants, the 
leaves smooth or nearly so, and the flowers fascicled at the apex 
of the stem; this form was found in sandy places and along rail- 
road tracks; M. aquaticum silvaticum molle, characterized 
by its soft, dark green, much branched habit, glandular hairy 
above, leaves sharply punctate with white spots; flowers some- 
what smaller than in the normal form; and M. aquaticum hun- 
garicum, having recurved styles, plants slightly hairy and glan- 
dular, leaves all stalked. 

The stem and inflorescence of the Caryophyllaceae, in ad- 
dition to the treatment afforded them in the manuals, are dis- 
cussed in a general way by Eichler (1878), Pax (1889), and 
Warming (1904) . For Silene these features were taken up by 
Godron (1847) and Rohrbach (1868). The branching and in- 
florescence of the Caryophyllaceae were described more critically 
in the older literature by Wydler (1843, 1844, 1847, 1851, 
1859), and by Wichura (1844, 1846, 1847). Wydler (1859) 
gave the general characters of the branching in S. media and 
S. aquatica, and Béguinot (1920) in S. media. Wydler made a 
few errors which were pointed out by Wichura and which he 
later acknowledged. The results given below are in general 
agreement with theirs, though the point of approach is some- 
what different. 

The arrangement of the branches is of course intimately as- 
sociated with the arrangement of the leaves on the stem; and 
the subject of phyllotaxis is by no means settled. For many 
years the Fibonacci series, emphasized by Schimper and by 
Braun (1835) and others has served for textbook treatment of 
the subject. The contact, pressure and displacement (or slip- 
ping) theory as the explanation of leaf relationships was put 
forth by Schwendener (1878, 1901) and supported among others 
by Weisse (1889). It was extended and modified by Van 


Flore de Lorraine, ed. 2. 1: 126-127. 1857. * Schur, Enum. Plant. Trans- 
silvaniae 115-116. 1866. * Schur, Verh. Naturf. Ver. Briinn 15%: 142-143. 
1877. 
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Iterson (1907). However in its original form this theory is not 
generally accepted. It has been severely criticized among others 
by Winkler (1901, 1903), who showed that in some plants at 
least the ‘contact’ theory is impossible, and by Church (1901a, 
b, 1902, 1904, 1920). Emphasizing the study of the shoot apex 
in phyllotaxis, Church refers the phyllotax-mechanism to ‘an 
initial choice of curve systems, comparable with the isolation 
of equal-spaced lines of growth-potential’; furthermore every 
lateral primordium he conceives as originating as ‘a centric 
disturbance in a centric growth system.’ He strongly criticizes 
the validity of the exact fractional divergences expressed by 
the numbers of the Fibonacci series, especially at the primor- 
dial apex. Church’s work has been extensive and has been 
emphasized by Jaeger (1917) and Crow (1928). 

It is well known that in some of the lower plants, as in some 
of the mosses and liverworts, there is a close relationship be- 
tween the growth of the apical cell and the arrangement and 
size of the leaves. Even there, however, disturbing influences 
such as apical torsion must be considered (Correns, 1899). 
But the literature on the course of the cell divisions in the Sper- 
matophyta is by no means as illuminating. The researches of 
Hanstein (1868), Strasburger (1872), Schwendener (1879), 
Groom (1885), and Koch (1891) satisfactorily disproved the 
contention of a general occurrence of single apical cells in the 
shoots of the Spermatophyta advocated by Dingler (1882, 
1886) and Korschelt (1884), and correlations between apical 
cell divisions and leaf arrangements established in the lower 
plants can thus not be directly extended to the seed plants 
(see also Schwendener, 1885). The rules of rectangular inter- 
section and division into equal parts formulated by Sachs 
(1878, 1887) as applied to cell divisions are not very helpful 
in the study of the relationship between the growth of the shoot 
and leaf arrangement, and the correlation between cell divi- 
sions in the shoot apex and phyllotaxis is left unanswered. 

According to the view advocated especially by Velenovsky 
(1887, 1907) and Celakovsk¥ (1901, 1902) the plant is composed 
of a number of units (‘Glieder’). Each unit has been variously 
called a ‘phyton’ (Gaudichaud, 1841), ‘anaphyton’ or ‘anaphy- 
tum’ (Schultz-Schultzenstein, 1843, 1847), and ‘filopodio’ 











476 BULLETIN OF THE TORREY CLUB [VOL. 56 


(Delpino; 1883). According to this theory each limb or unit is 
derived from the preceding by lateral growth, and the terminal 
growing point of the stem is of secondary origin. This view is 
based especially on embryological and seedling evidence. Ac- 
cording to Velenovsky a unit (anaphyt) consists of an internode 
and the node next above it, whether that node has one, two or 
several leaves. Celakovsk¥ maintains on the other hand that 
this is only true in certain stems, such as those of the grasses; 
there a ‘Sprossglied’ consists of an internode and the node with 
its leaf next above it. However in stems having the usual spiral 
or whorled arrangements, in which a leaf subtends merely a 
portion of the stem, an anaphyt consists of a sector of the stem 
between one leaf and the next which stands directly above it, 
and the upper of these two leaves. Thus in the spiral arrange- 
ment the stem is composed of a number of ‘Stengelglieder’ 
arranged side by side, but beginning and terminating at dif- 
ferent levels. According to both of these views the opposite 
leaf arrangement is of secondary origin. Church too refers to 
it as an ‘afterthought.’ 

The occurrence of antidromy in plants has long been known, 
having been repeatedly discussed by Wydler and Wichura. Mac- 
loskie (1895 a, b, c, 1896 a, b, c) thought at first that plants 
were essentially internally homodromic, but antidromic as 
regards different individuals of the same species; he gave a 
list of plants to illustrate this, and even suggested the possible 
genetic significance of this phenomenon. However he later 
found that the principle of homodromy within the individual, 
antidromy between different individuals was not constant, and 
concluded that the law of antidromy was more complex than 
he had at first anticipated. 

The external similarity between the clockwise and counter- 
clockwise arrangement of leaves or branches on an axis and the 
spirals of the shells of gasteropods is rather suggestive. As 
shown by Crampton (1894), Holmes (1900), Conklin (1903), 
and others the dextral and sinistral spirals are correlated with 
a definite spiral cleavage pattern; no such relationship has been 
reported in the seed plants. The production of leaf primordia 
in a definite pattern on the stem apex is different in some 
respects at least from the continuous spirals of gasteropod 
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shells. The similarities in principle, especially from the mathe- 
matical point of view, between phyllotaxis and shell construc- 
tion in some of the Foraminifera are discussed by Van Iterson 
(1907). He also points out certain differences: on the vegetative 
apex the new leaves are established on the inner side of the fo- 
lioidal system, while new chambers in the shells of the For- 
aminifera are laid down on the outside; the constant factors 
are different and there are other dissimilarities. 

The variability within the flowers of the genus Stellaria 
has come to be almost proverbial; it is discussed or mentioned 
in many of the textbooks. Among the more detailed studies of 
the different kinds of flowers should be mentioned first the very 
extensive researches of Béguinot (1910, 1920, 1921) as well 
as those of Reinéhl (1903) and Burkill (1895). These have been 
concerned especially with S. media, which displays the greatest 
variability of any of the members of the genus. Béguinot stud- 
ied many of the varieties of that species. S. aquatica has been 
investigated by Béguinot (1914), who found the styles varying 
in number from six to two, and Kuntze (1891) who also reported 
on the variations in the gynoecium. Bentham (1861, 1862) 
found the styles in Indian specimens not infrequently reduced 
to three; interesting additional evidence is also offered 
by many of the descriptive floras, some of which are listed 
above. 

In the mature flower of S. aquatica the stamens opposite 
the sepals appear to be inside of those opposite the petals. 
This arrangement is the reverse of that found in most flowers 
and has given rise to the disputed question of the real nature of 
obdiplostemony. This was debated in the older literature which 
is reviewed by Eichler (1875). Hofmeister (1868) considered 
the stamens opposite the sepals as the original whorl; those 
opposite the petals he considered to have developed later and 
become interpolated between the whorl of petals and sepal 
stamens. Eichler at first adopted the view previously advocated 
by A. St. Hilaire that the stamens opposite the petals are merely 
split off from the petals and hence are really part of that whorl, 
the stamens opposite the sepals being the true whorl. Liiders 
(1907) and Wettstein (1911), on the other hand, consider the 
petals in the Caryophyllaceae to have arisen from the sta- 
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minal whorl. Later, however, Eichler (1878) accepted the theory 
suggested by Payer (1857) and advocated especially by 
Celakovsk¥ (1875) that the diplostemonous arrangement was 
the original one, but that by displacement (‘Verschiebung’) 
the whorls became reversed as to position. This view is also 
accepted by Velenovsky (1910). However, Celakovsky (1894) 
later abandoned this view and considered the obdiplostemonous 
arrangement associated with reduction. Schumann (1889) 
pointed out that obdiplostemony may be found in flowers in 
which the stamens opposite the sepals are the first to develop, 
and in others in which those opposite the petals develop first; 
he suggested contact as an explanation of the position of the 
carpels with reference to the two staminal whorls. 

Payer (1857) figured the stages in the development of the 
flower of S. aquatica, and as shown in his figures 6 and 7, 
plate 73, the first stamens arise alternating with the petals. 
In figures 10 and 17, plate 73, he drew the sepal stamens higher 
up on the axis than the petal stamens. Schumann (1889) 
stated that in Melandrium and Lychnis the episepalous stamens 
originate first and lower down on the axis. Malachium aqua- 
ticum, he reported, differs in that the epipetalous stamens are 
inserted deeper than in Melandrium, but he was unable to 
determine whether or not the two whorls were inserted at the 
same level. Rendle (1925) states that the antesepalous sta- 
mens in the Caryophyllaceae not only arise before the antepeta- 
lous, but that their vascular strands in the floral axis stand out- 
side of those leading to the antepetalous stamens, and that 
the obdiplostemony is therefore only apparent. 

In may be worth while, furthermore, to call attention to the 
fact that, although in most families characterized by obdi- 
plostemony (e.g. Crassulaceae, Geraniaceae, Onagraceae, and 
Ericaceae) the phenomenon finds complete expression, that is, 
in association with the reversed position of the two stamen 
whorls the carpels also are placed opposite the petals (rather 
than opposite the sepals), in the Caryophyllaceae, on the other 
hand, as shown by Eichler, two degrees of obdiplostemony are 
exhibited: an incomplete obdiplostemony in Cerastium (as also 
in Lychnis and Viscaria of the Silenoideae, cf. Eichler’s dia- 
gram, 1875, p. 106), where only the two whorls of anthers 
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show the reversed position, the carpels still being opposite the 
sepals; and apparently complete obdiplostemony in Stellaria 
aquatica (as also in Spergula arvensis L.), where the carpels are 
opposite the petals. Cerastium, then, may be regarded as the 
most primitive genus we have in the Alsinoideae. 

Both the stamens and pistils of S. aquatica show sterility to 
some extent. In the case of the androecium at least, in plants 
growing wild, this is a seasonal and hence in a measure a cyclic 
phenomenon. Sterilities associated with the partial or complete 
abortion of one or the other or both kinds of sporophylls are 
rather general in the Spermatophyta. Thus for example Stout 
(1922) found flower abortion at the beginning of the flowering 
period in Brassica pekinensis and Brassica chinensis, and ar- 
rested development of the flowers at the end; in addition he 
found other classes of sterility in the intervening period. The 
modification of one or more of the stamens into staminodia in 
the Caryophyllaceae was discussed by Darwin (1868, 1877). 
It is treated further by Henslow (1888) and Rendle (1925), 
both of whom contend that low temperature is the cause. 

Among the classifications of sterility may be mentioned that 
of Stout (1916) in which he distinguishes three main groups: 
sterility from impotence, sterility from incompatibility, and 
embryo abortion. In the first of these, which includes the kinds 
of sterilities described below for S. aquatica, Stout mentions 
complete impotence involving either the absence of all floral and 
sex organs, or the lack of sporophylls only, and partial or com- 


® This difference of carpel position seems to furnish a more fundamental 
basis for the separation of the genera Cerastium and Stellaria than that usully 
given in our current manuals, viz. the form and dehiscence of the capsule. 
It is surprising that this difference has been overlooked by the authors of 
‘Gray's New Manual of Botany’, 7th Edition, for in spite of their general ad- 
herence to the taxonomic arrangement of Pax (1889), who treated this point 
correctly, they have made the erroneous and misleading statement in both 
key and generic diagnosis that the styles of Stellaria are opposite the sepals. 
That not only styles (as shown in the figures illustrating this paper) but also 
the entire carpels are opposite the petals may easily be demonstrated in trans- 
verse sections of young flower buds, where the ovary shows complete septa 
opposite the sepals, which break down to produce the ‘free central placenta’ 
of the mature pistil. Even when the carpels are reduced to three (as in S. 
media, cf. Eichler’s fig. 41, F) two of them are essentially opposite petals, 


. Gee 
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plete impotence with reference to one or the other or both types 
of sporophylls. Sirks (1917) distinguishes two main classes of 
sterility: sterility of the gametes, and sterility of the zygotes; 
the former he subdivided into partial unilateral, partial bi- 
lateral, total unilateral and total bilateral sterility of the 
gametes. The sterilities in S. aquatica discussed below can also 
be relegated to these different categories. 


DISCUSSION OF SYSTEMATIC LITERATURE AND DESCRIPTION 


Whether the different forms of S. aquatica which have been 
described, that amount to different varieties, will stand the test 
of being grown and propagated from seed is very problematical 
indeed. Whether the twining habit is a characteristic peculiar 
to one or more varieties, or whether it depends upon the pres- 
ence and character of other neighboring plants has not been in- 
vestigated. The stems of S. aquatica are usually more or less 
four-angled, and Fries was aware of the possibility of environ- 
mental influences in the characteristics of the variety 8 
saxatile. Petermann’s distinction, one variety having only 
the ‘corymb’ glandulose-pubescent, the other having the 
upper part of the stem pubescent as well, also needs further 
investigation. In the plants found in the vicinity of the city 
of New York it is not unusual to have just a single internode, 
directly below the inflorenscence, glandulose-pubescent; in other 
cases several internodes just below the inflorescence are glandu- 
lose-pubescent. If Petermann had a form constantly glabrous 
up to the first flowering node it would certainly deserve to be 
ranked as a distinct variety; on the other hand in a fluctuating 
character like this, extended study is necessary before forms 
differing in the extent of pubescence can be admitted as good 
varieties. Ricker (1916) showed that the leaves of Castanea 
mollissima when exposed to strong light are densely pubescent 
with stellate and jointed hairs, while shaded leaves on the same 
tree are practically glabrous, all intergradations between these 
two types existing on the same individual. On the other hand 
the extensive researches of Béguinot (1907, 1910, 1920, 1921) 
on Stellaria media indicate that the extent of hairiness is a 
feasible line of approach to the separation of new varieties. 
Willkomm’s description also suggests that he was dealing with 
a distinct variety. However the lowest pubescent internode not 
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uncommonly has just a sparse line of hairs, instead of being 
hairy throughout; sometimes this single line of hairs only 
extends part way down the internode. As for the short petals, 
it is not at all unusual for plants of S. aquatica to have some 
flowers with the petals equal to or shorter than the calyx, and 
in the colder weather of November the majority of the flowers 
in the vicinity of the city of New York are of this character. 
Willkomm’s observations were apparently based on a limited 
amount of herbarium material, so much so that he was unable 
to report on the character of the lower leaves and the roots; 
here again, although the description is very suggestive, further 
research, especially on living growing plants, is necessary be- 
fore the variety can be considered established. The two varie- 
ties of Godron may well be distinct. But the size of the plants 
is beyond doubt partly subject to the environment; and the 
plants, rooting at the nodes and dying off in the older parts 
may lose many of their stalked leaves. The two varieties of 
Godron are apparently different and should be further sought 
and studied. Of Schur’s forms, the M. aquaticuin a alpinum is 
similar to the M. aquaticum 8 arenarium of Godron. The form 
M. aquaticum b angustatum of Schur, with its purple veins and 
stem hirsute, smooth above—just the reverse of the condition 
usually obtaining—is striking indeed; the white punctate 
character of the leaves of the variety M. aquaticum silvaticum 
molle is very unusual; and the ‘zuriickgerollte Griffel’ of the 
variety M. aquaticum hungaricum, in flowers that have been 
open for some time are the normal thing; if the styles are re- 
curved when the flowers first open it is a noteworthy departure. 
The conclusive establishment of these different varieties awaits, 
then, the further study of their distinguishing characteristics 
in living, growing material. 

Because of the unsettled state of this literature at present 
a description of the plants discussed below is here offered: 


Stellaria aquatica (L.) Scop. Perennial. Roots fine, much 
branched. Stems ascending, spreading, partly decumbent or 
nearly erect, especially among other vegetation, 2.3 dm. to 
10 dm. in length, more or less four-sided, glabrous below, pubes- 
cent and glandular-pubescent above. Leaves decussate, the 
lower ones petioled, the upper sessile; petioles ciliate, the longest 
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equal or subequal to the blade, shortening more or less gradually 
toward the apex of the stem. Lower leaves small, the blades 
about 1.3 cm. long, sometimes nearly as wide, sometimes longer; 
upper leaves often 5 cm.—6.3 cm. long, sessile or nearly so, ovate 
to ovate-lanceolate or oblong-ovate, the base tapering, truncate, 
rounded or cordate, the apex attenuate, acuminate or acute, 
the margin often undulate. Leaves (or bracts) of the inflorescence 
becoming smaller towards the ends of the cyme, as large as the 
leaves just below at the base of the inflorescence; floral leaves 
(bracts) and sometimes those just below finely glandular- 
ciliate and sparingly glandular-pubescent, especially on the 
veins above and below. Inflorescence typically a dichotomous 
cyme, some of the branches and flowers sometimes failing to 
develop; branches of the inflorescence typically terete, glandular- 
pubescent, the internodes, as in the stem, varying greatly in 
length. Pedicels glandular-pubescent, reflexed after anthesis 
and in fruit, the first formed in an inflorescence typically the 
longest, frequently 3.2 cm. in length, more often less. Sepals 
glandular-pubescent, ovate to ovate-lanceolate, more or less 
obtuse, usually about 8 mm. in length in fruit or less, scarious- 
margined. Petals white, nearly half again as long as the sepals 
(sometimes more, sometimes less), deeply bifid, lobes oblong, 
narrow. Stamens usually 10, the 5 sepaline glandular at the 
base, usually about 2/3 as long as the petals. Styles usually 5, 
alternate with the sepals; stigmas minutely papillose above, 
whitish, erect at first, becoming reflexed (with the styles). 
Capsule ovoid-oblong to ovoid-lanceolate, usually somewhat 
longer than the sepals, splitting into 5 valves which are 
often bidentate. Seeds reniform, somewhat flattened, tuber- 
culate.'° 


The essential differences between S. aquatica and S. media 
(and other members of the genus also) are very few, while the 
similarities are striking. In habit the two species are very 
close; the character and branching of the stems, the shapes of 


10 Material and seed for this study were obtained from wild plants grow- 
ing along the Bronx River in the New York Botanical Garden. Possibly these 
plants had “escaped” from a bed in the Garden. Plants for study have also 
been obtained from the vicinity of Ridgewood, New Jersey. 5S. aquatica is 
described in our manuals as ‘adventive from Europe,’ occasional in the eastern 
states. That it may be of relatively recent introduction might be inferred 
from the fact that it is not listed in Gray’s Manual, 6th edition (1889). Taylor 
in his Flora of the vicinity of New York (Mem. N. Y. Bot Gard. 5: 305. 1915), 
calls it “a rare and local weed known definitely only near Philadelphia and 
New York.’ House (N. Y. State Mus. Bull. 254: 314. 1924) states that it 
is ‘infrequent, but reported from many localities across the State.” 








1929] MATZKE: VARIATIONS IN STELLARIA 483 


the leaves, the character of the pubescence, especially on the 
pedicels and calyx, the shape of the sepals and petals, the char- 
acter of the stigmas, the markings on the seeds—all these are 
similar in their details in S. aquatica and S. media, especially 
the larger varieties of S. media. The most obvious differences 
between S. aquatica and the other members of the genus are in 
the number of the styles and the splitting of the capsules. S. 
aquatica usually has five styles, the other species usually three; 
but this difference is by no means constant, S. media sometimes 
having four styles, and S. aquatica not at all infrequently having 
that number. The other difference is in the splitting of the cap- 
sule, that of S. aquatica usually opening into five valves which 
are frequently two-toothed, while in the other members of the 
genus the capsule usually splits into six valves. These dissimi- 
larities are sufficient to give S. aquatica species rank, but it 
seems hardly justifiable, in view of the many similarities be- 
tween this and the other species, especially the larger varieties 
of S. media, to put it in a separate genus. 


THE ROOT 


A detailed study of the root system and root development 
is still to be made. However, a preliminary examination of the 
roots often plants grown in pots shows that the primary root is 
comparatively well developed near the root collar. Near the 
surface of the soil large secondary roots are given off, the pri- 
mary root decreases in size, and in three of the ten plants 
examined it was difficult to tell, about 1.6 cm. below the surface 
of the soil, which was the primary and which the secondary 
roots, since none was of outstanding diameter or growing 
straight down. In another instance it was easy to trace the 
course of the primary root as a well developed structure a little 
over 3 dm. long. The other six plants varied between these 
extremes. Some of the secondary roots were just as well de- 
veloped as the primary root. All of these roots gave rise to a 
great mass of fine thread-like rootlets, and such structures 
may also develop from the nodes of the stem. These observa- 
tions have not been very extended and await further and more 
searching investigation. 
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Fig. 1. Counterclockwise arrangement of the branches on the stem of 
Stellaria aquatica. Fig. 2. Clockwise arrangement of the branches on the 
stem of S. aquatica. (X 1/3) 
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Fiy. 3. Strongly and weakly developed branches each forming a counter- 
clockwise spiral on the same stem of Stellaria aquatica. Fig. 4. Reversal of 
the spira! formed by the branches on the stem of S. aquatica: the branch 
at the second node represented being clockwise to that at the lowest node, 
the succeeding ones all in counterclockwise spiral; young inflorescence also 
shown. (X 1/3) 











486 BULLETIN OF THE TORREY CLUB [VOL. 56 


THE STEM AND INFLORESCENCE 


With a view to determining the pattern, if any, in the ar- 
rangement of the branches, twenty plants raised from seed 
were watched and the progress of their growth recorded. The 
leaf arrangement is decussate. All the first formed leaves are 
petioled; it is only as the plants grow older that sessile leaves 
appear. The first node, or the first few nodes have as a rule two 
or more branches. Advancing up the stem of the young plants, 
however, a point is soon reached at which only one of the two 
leaves at a node bears a branch in its axil; and these branches 
originate in spiral fashion, one at each node, so that every fifth 
node will have a branch approximately above the first. It is 
obvious that this spiral arrangement can be of two kinds, 
clockwise as shown in figure 2, and counterclockwise as shown 
in figure 1. Of the twenty plants studied, eleven showed the 
clockwise arrangement of the primary branches on the main 
axis, and nine the counterclockwise. 

Tables 1 and 2 show the arrangement of the branches on the 
lower portions of these twenty plants. The eleven plants in 
table 1 have the branches arranged in a clockwise spiral on the 
main stem, the nine in table 2 have the counterclockwise ar- 
rangement of the branches on the primary stem. A branch is 
usually formed in the axil of each of the leaves at the cotyle- 
donary node. These branches have for the sake of convenience 
been numbered 1 and 2. Plant 12 thus had two branches, one 
in the axil of each leaf at this first node. The leaves are decus- 
sate, and therefore those at the second node are at right angles 
to those at the first node. The branch at the second node coun- 
terclockwise to branch number 1 at the first node has been 
arbitrarily designated 3; that in similar relation to number 2 has 
been called 4. This applies to plants in tables 1 and 2. All the 
other branches on the stem will originate above one of these 
four (making allowances for twisting of the stem). Thus in 
plant 12 there were two branches at the third node, one above 
each of those at the first node; that above number 1 is called 
1’, that above number 2 is called 2’. At the fourth node there 
was a single branch, that above number 3 and therefore des- 
ignated 3’. Each node is probably potentially capable of pro- 
ducing a branch in the axil of seach leaf. Thus at the fourth 
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node in plant 12 at some later time a branch number 4’ might 
be produced; therefore the branch at the sixth node is not 
numbered 4’ but 4”. Not infrequently after a branch has 
arisen in the axil of a leaf a second branch will develop between 
the leaf and the first branch. In plant 1 for instance, in addi- 
tion to branches number 1 and number 2 at the first node there 
were two others, that between number 1 and its leaf, which is 
designated la, and that between number 2 and its leaf, des- 
ignated 2a. Each of the branches at a node will again have 
secondary branches in the axils of some of its leaves; and these 
secondary branches will also show a clockwise or counter- 
clockwise. arrangement on the primary branches. Thus in 
plant 12 there were two branches at the first node, and on one 
of these branches the smaller secondary branches were arranged 
in a counterclockwise spiral, on the other in a clockwise spiral. 
Therefore branch number 1 in plant 12 has been listed as coun- 
terclockwise, branch number 2 as clockwise. If the branch was 
present but too small to permit the determination of the ar- 
rangement of the smaller branches upon it that branch is 
indicated with a dash; if the arrangement was not clear it is 
indicated with a question mark; if no branch was present the 
space is left entirely blank. Some small branches on the main 
stem at nodes beyond those listed are not given in the tables. 

It is evident from the tables that the several lowest nodes 
usually have a branch (or two branches) in the axil of both of 
the leaves. In plant 12 the first three nodes each had a branch 
in the axil of both of the leaves; the three succeeding nodes 
each had a single branch, and the smaller branches on these 
three were arranged counterclockwise, counterclockwise, and 
clockwise, respectively. Here the branches on plant 12 are 
given for only six nodes; in reality there were more, but they 
were too small to show the arrangement of the secondary 
branches upon them and hence are not listed. Of the twenty 
plants twelve had four branches at the first node, and all twenty 
had at least one branch in the axil of each leaf. This is of ad- 
vantage to the plant in spreading: over the surface of the soil 
since the lower branches grow at right angles or more or less 
opposite to the direction taken by the main stem. 

In thirteen plants there was at least one branch in the axil 
of each leaf of the second node; ten had at least one branch in 
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the axil of each leaf of the third node. At the fourth node how- 
ever, only four plants had a branch on each side of the stem; at 
the fifth and sixth nodes none were so characterized. This 
indicates that there are often four branches at the first node and 
very frequently there is at least one in the axil of each leaf of the 
second and third nodes. It should be stated that these plants 
were grown during the unfavorable winter months, the final 
observations being made on May 21, when the plants were six 
months old but not particularly well developed. Field observa- 
tion shows that six consecutive nodes on vigorously growing 
plants all with sessile leaves (indicating that they were some 
distance above the cotyledonary node) each had two branches. 
A somewhat similar condition is illustrated in figure 3. Only 
limited conclusions may be drawn from plants grown under the 
more or less artificial greenhouse conditions. Not all the 
branches develop at the same time or at the same rate, and 
further examination at a later date would have yielded further 
data. 

A rather typical plant is number 13 in table 2; it has four 
branches at the first node, one branch in the axil of each leaf of 
the second node, one branch in the axil of one of the leaves of the 
third node and two in the axil of the other, and one branch at 
each of the succeeding nodes. Other plants show considerable 
variation from this. In plant 17 the second node has only a 
single branch, while the third and fourth have two each; in plant 
20 the second node is devoid of branches, while there are three 
at the third and four at the fourth nodes. 

In some cases the arrangement of the branches at least ap- 
parently changes from one direction to the other. Thus in plant 
15 the branch at the third node, 1’, is arranged clockwise with 
reference to branch number 3, but from there on the branches 
go up the stem ina counterclockwise spiral. Perhaps it should be 
stated again that ‘‘3’c’’(in tables 1,2) does not mean that branch 
number 3’ is clockwise in its position with reference to the branch 
below (in this case it is counterclockwise); it means that the 
smaller secondary branches on branch number 3’ are arranged 
in a clockwise spiral on that branch. Whether branch number 3’ 
is clockwise or counterclockwise with reference to the branch 
at the node below is shown by the numbers assigned to the 
branches as described above. In plant 15 the apparent reversal 
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would be eliminated if there were two branches at the second 
node instead of one. Figure 4 shows a case similar to this. There 
the branch at the second node represented is clockwise to that at 
first, but from there on the branches are arranged in a counter- 
clockwise spiral. Plant number 1 shows just the opposite con- 
dition; there branch number 4’ is counterclockwise to branch 
number 2, but from there on the branches form a clockwise spi- 
ral. Here again there would beno reversal if there were a branch 
in the axil of each of the leaves of the third node, instead of the 
single branch there. 

Branch number 2 of plant 11 had a secondary branch in the 
axil of each leaf of the first node, and each succeeding node had 
but a single branch; that at the third node was clockwise to that 
at the second, that at the fourth node clockwise to that at the 
third, that at the fifth node clockwise to that at the fourth; but 
the branch at the sixth node was counterclockwise to that at the 
fifth and those at the seventh, eighth, ninth, and tenth nodes 
formed a counterclockwise spiral. This would rather appear like 
a real reversal. As stated above, each node is probably potentially 
capable of producing at least one branch in the axil, of each of 
the two leaves and when this occurs the branches are no longer 
arranged in a single spiral; but even if this occurred in a case 
like the one described above, they would then form two spirals 
(each with a reversal) in the order of their appearance; this would 
also be evident, as shown in figure 3, from the difference in size 
of the two branches at each node. 

A record was also kept of the arrangement of the secondary 
branches on the primary branches (as in the case just described). 
In these primary branches each leaf of the first node, almost 
without exception, had a secondary branch in its axil and the 
succeeding nodes each had but a single branch, forming a clock- 
wise or counterclockwise spiral as indicated in tables 1 and 2. 
The tertiary branches on the secondary were mostly in just the 
same fashion. Thus, while the main stem often had two or more 
branches at the first three nodes, the primary branches, in the 
earlier stages at least, usually had two secondary branches only 
at the first node; and the secondary branches, like the primary, 
usually had two tertiary branches only at the first node, and one 
at each node thereafter. 
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Irregularities were also found on the primary branches. 
Branch number 4 on plant 4 had a single branch in the axil of 
each leaf of the first node, but only a single branch at each 
succeeding node. But the branch at the third node was clock- 
wise to that at the second; that at the fourth was clockwise to 
that at the third, that at the fifth counterclockwise to that at 
the fourth, that at the sixth counterclockwise to that at the 
fifth; the branch at the seventh node was clockwise to that at 
the sixth, and the succeeding ones all in a clockwise spiral. 
In this case, in which the branch exhibits two reversals in the 
spiral, if the branch at the fifth node were on the opposite side 
of the node, that is clockwise to the branch at the fourth node, 
the secondary branches would have formed a perfect clockwise 
spiral. Where there was a change in the direction of the spiral 
the final direction is the one given in the table. 

Not infrequently two branches develop at a node, one in the 
axil of each leaf, while the nodes above and below have just a 
single one. Branch number 1 of plant 18 had the usual two 
branches at the first node, one at the second, third, and fourth 
nodes, two at the fifth, and one from there on; and the branch 
at the sixth node was correctly placed with reference to the 
others—that is the whole branch showed a counterclockwise 
arrangement of the smaller branches, with one extra branch, 
which does not enter into the spiral, at the fifth node. This 
additional branch, not merely here but in other cases as well, 
was less developed than that on the opposite side of the node. In 
some instances no branch developed at a node; as is to be ex- 
pected the branch of the node above usually continues the spiral 
just as though the missing branch of the vacant node were 
present. 

Sometimes there is a branch in the axil of each of the leaves 
of a node, with the single branch of the node above situated over 
the branch of the node below the one with the two branches. Or 
again there may be two branches, one above the other, with a 
single branchless node between. 

A rather unusual case was found in the arrangement of ter- 
tiary branches on a secondary branch of plant 8. The first node 
had the usual two branches, the succeeding nodes just one. 
The branch at the third node was counterclockwise to that at 
the second, that at the fourth counterclockwise to that the third, 
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that at the fifth clockwise to that at the fourth, the branch at the 
sixth node counterclockwise to that at the fifth, and that at the 
seventh clockwise to that at the sixth. If the tertiary branches 
had originated in a counterclockwise spiral all the way up this 
secondary branch, with the second, third, and fourth nodes just 
as they are, the branch of the seventh node would have had 
its present position, though those ai the fifth and sixth would 
have been different. This branch showed three reversals in six 
nodes. While Thompson (1917) is undoubtedly correct in 
saying that phyllotaxy presents no ‘subtle mystery’ it would 
seem that cases like this do need further study to reveal their 
true nature. While it may well be true that each node is capable 
of producing a branch in the axil of each leaf, the question of 
why one develops more rapidly than the other must then be 
answered. When there are two branches at several consecutive 
nodes, the strongly and weakly developed branches often form 
two distinct spirals. This by no means exhausts the number 
or kinds of variations exhibited by the stem and its branches. 
However the aim is here rather to present the type and the 
common variations from that type. While the variations have 
been emphasized, they are réally comparatively few. 

Tables 1 and 2 show first the arrangement of the branches 
on the main stem. Of twenty plants there were nine that had 
these branches in a counterclockwise spiral, and eleven in a 
clockwise spiral. The nine plants of table 2, all having the 
primary branches in a counterclockwise spiral on the main 
stem, had a total of 93 primary branches which were developed 
well enough to disclose the arrangement of the secondary 
branches upon them; and of these 93 branches, 52 showed the 
counterclockwise and 41 the clockwise arrangement of the 
secondary branches upon the primary. Of these secondary 
branches 67 were developed far enough to show in turn the 
arrangement of the tertiary branches upon them—26 were 
in counterclockwise spiral, 41 in clockwise. 

Table 1 shows the eleven plants of the twenty having the 
primary branches of the main axis arranged in a clockwise 
spiral. Of these primary branches, 129 were large enough to 
show how the secondary branches were arranged, and 65 had 
them in the counterclockwise spiral, 64 in the clockwise. On 
these eleven plants 75 secondary branches were sufficiently 
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developed to show the arrangement of the tertiary branches, 
and of these 35 indicated a counterclockwise, 40 a clockwise 
spiral. Adding all these together—the 20 main stems, the 222 
primary branches, and the 142 secondary branches—187 
showed the counterclockwise, 197 the clockwise spiral. Whether 
this difference is of any significance is very doubtful, though 
there is a positive correlation with the overlapping of the sepals 
of the first flower in the inflorescence as will be shown below. 

Of the nine well developed branches of plant 17, eight showed 
the counterclockwise spiral of the secondary branches upon the 
primary, and only one the clockwise; on the other hand plant 
5 had ten branches with the clockwise arrangement, and only 
one with the counterclockwise. Plants 6, 12, 18, and 20 each 
had an equal number of primary branches showing the clock- 
wise and counterclockwise arrangement of their secondary 
branches. There seems to be no regularity in the arrangement 
of branches showing clockwise and counterclockwise spirals 
in the plant, though the total number of each in twenty plants 
was nearly the same. 

The leaves of the younger plants are all petioled. Sometimes 
the leaves even at the base of the inflorescence are very short- 
petioled. This is unusual however; typically several pairs of 
leaves below the inflorescence are sessile. Sometimes a very 
considerable number of nodes, six or eight or more, have ses- 
sile leaves before the first flowering node is produced. 

There is similar variation in the pubescence. For a distance 
of two internodes below the inflorescence the stems are as as 
rule glandular-pubescent. But this varies somewhat, sometimes 
three internodes, sometimes only one showing this distribution. 
The glandular character of the pubescence seems less pro- 
nounced some distance from the inflorescence. The stems are 
usually pubescent on all sides (where they are pubescent at 
all); but sometimes the pubescent internode farthest from the 
first flower has just a line of hairs, suggesting the condition 
in Stellaria media. The leaves (or bracts) of the inflorescence 
are glandular-pubescent as well as the branches, as are the 
leaves at the node below the first flower. 

The flower of S. aquatica has five sepals, two outer, two 
inner and one partly outside and partly inside; this quincuncial 
imbrication is associated with the order of appearance of the 
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sepals in spiral sequence as described in the older literature 
(Wichura, 1847; Payer, 1857) and is typical for many dicotyle- 
donous families. There are obviously two possible arrange- 
ments which are shown in figures 6 and 7; in these figures the 
sepals are numbered as in the works cited. When the main axis 
or one of the branches is terminated by a flower, the orientation 
of the critical sepal (number 3) is correlated with the clockwise 
or counterclockwise arrangement of the smaller branches upon 
the main axis or branch in question. When the arrangement 
of the branches is counterclockwise, the sepals are oriented as in 
figure 6 (clockwise) ; when it is clockwise, the sepals are oriented 
as in figure 7 (counterclockwise). This seems to hold with but 
very few exceptions. The first flowers on 153 branches were 
examined, and in 152 the overlapping of the sepals and the 
arrangement of the branches were as described above. In 
figures 6 and 7, A and B represent the bracts at the base of 
the pedicel of the flower, and C and D the bracts or leaves of 
the node below. Progressing up the stem in a counterclock- 
wise spiral, the branch in figure 6 at the node below the one 
bearing the flower will be in the axil of the leaf C; progressing 
up the stem in a clockwise spiral, the similar branch in figure 
7 will also be in the axil of the leaf C. Thus the position of 
the sepals with reference to the bracts, leaves, and branches 
is fixed. After anthesis the pedicel will bend, and it bends to- 
ward leaf D and away from leaf C in each case. A branch now 
appears in the axil of bracts A and B. This branch produces 
a single internode and then a node with two bracts, each with 
their midveins parallel to the midveins of bracts C and D. 
The branches bearing these bracts are not vertical like the 
stem, but oblique as in practically any dichotomous cyme. 
These points are shown in figure 4; the stem of the plant illus- 
trated there was decumbent, becoming erect toward the apex; 
therefore in the drawing the inflorescence appears to project 
toward you. The branches in the axils of bracts A and B 
in figures 6 and 7 will be found each to produce a flower at the 
first node; this terminates each of these branches. But the 
flower of the branch in the axil of bract A in figure 6 will have 
the sepals originating in clockwise sequence as in figure 6; 
the flower terminating the branch in the axil of bract B in 
figure 6 will have the sepals originating in counterclockwise 
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sequence as in figure 7. The flower terminating the branch in 
the axil of bract A in figure 7 will have the sepals originating 
in counterclockwise sequence; and that terminating the branch 
of bract B in figure 7 will have the sepals originating in clock- 
wise sequence. Thus these branches are just opposite in this 
respect in figures 6 and 7. Each of these branches in turn pro- 
duces two branches at its only node; these also have but a 
single additional node and a flower, that terminating the one 
branch having the sepals as in figure 6, that terminating the 
other having the sepals as in figure 7. This is shown more clear- 
ly in the diagram of the cyme in figure 5b, where these rela- 
tionships can readily be followed. There the flowers are num- 
bered, and the bracts associated with a flower have the same 
number as that flower. Thus bracts Al and B1 are at the base 
of the pedicel of flower number 1. Flowers having the sepals 
originating in clockwise sequence are indicated with a ’; 
and flowers terminating branches arising at the same or similar 
nodes in the inflorescence have the same number. 

A rule for determining these relationships which can be 
followed is to stand with the reflexed pedicel of the flower 
(reflexed after anthesis) toward you. The flower of the branch 
on your right (marked R in figure 5a) of the node above the 
reflexed pedicel will then usually have the sepals overlapping 
as in figure 7; the flower of the branch on your left (marked 
L in figure 5a) of the node above the reflexed pedicel will 
then have the sepals overlapping as in figure 6. Furthermore 
the bract toward you of the node above the reflexed pedicel 
on the branch on your right will be bract B in figure 7; the 
bract toward you of the node above the reflexed pedicel on the 
branch on your left will be bract B in figure 6. Bracts A in both 
cases will be on the sides of the branches away from you. The 
pedicels of each of these flowers will become reflexed after 
anthesis and a branch will originate in the axil of each of their 
subtending bracts; the same rule can then be applied there. 
All this is also evident from figure 5b. In that figure the direc- 
tion of the bending of the pedicels is indicated by arrows. 

Exceptions to the general rules laid down above are rather 
frequent. Of 373 flowers (excluding the first of a cyme) 
examined while they were open, 24 did not conform. A com- 
mon condition was to have both of the branches originating 
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at the same node in an inflorescence terminated by flowers with 
the same sepaline arrangement, instead of having the sepals 
of one flower as in figure 6, of the other as in figure 7. In some 
instances both branches had flowers with the sepals as in fig- 
ure 6, in others both flowers had the sepals as in figure 7. 

The pedicels after anthesis will bend in a definite fashion. 
If the flower they support has the sepals as in figure 6 they will 
bend so that they are more or less parallel with the midvein 
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Fig. 6. Arrangement of the bracts and of the sepals in a flower in which 
the latter originate in clockwise sequence. Fig. 7. Arrangement of the 
bracts and of the sepals in a flower in which the latter originate in counter- 
clockwise sequence. 
of bract D of the node below; this is equivalent to saying that 
if a pedicel supports a flower having the sepals as in figure 6, 
it will bend so that it is more or less parallel with the midvein 
of bract A of the node below, provided this latter bract sub- 
tends a flower with the sepals as in figure 6, since bract A in 
that case becomes bract D with reference to that node above. 
If this flower of the node below has the sepals as in figure 7, 
then the pedicel supporting a flower having the sepals as in 
figure 6 will bend after anthesis so that it is more or less paral- 
lel with the midvein of bract B of that node below. 
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If, on the other hand, a pedicel supports a flower having the 
sepals as in figure 7, it will bend after anthesis so that it is 
more or less parallel with the midvein of bract D of the node 
below; in other words, if a pedicel supports a flower having the 
sepals as in figure 7, it will bend so as to become more or less 
parallel with the midvein of bract A of the node below, provided 
this latter bract subtends a flower with the sepals as in figure 7. 
If this flower of the node below has the sepals as in figure 6, then 
the pedicel supporting a flower having the sepals as in figure 7 
will bend after anthesis so that it is more or less parallel with 
the midvein of bract B of the node below. 

This spatial configuration persists throughout the inflores- 
cence; it is shown diagrammatically in figure 5b; it is shown also 
in figure 5a, which is a drawing of an actual specimen, slightly 
schematized in that the slight twistings of the internodes have 
been somewhat disregarded to give greater clarity. 

In the inflorescence, as in the vegetative branching, there 
may be poorly developed branches, or branches may fail to 
develop entirely. If one of the two branches originating at a 
flowering node is less developed than the other, it will as a 
rule be the one terminated by the flower whose calyx is homo- 
dromic with that of the flower subtended by the bracts in the 
axils of which both branches originate. Thus in figure 6 the 
flower will bend toward bract D after anthesis; the branch in 
the axil of bract A will be terminated by a flower whose sepals 
are homodromic with those of figure 6; that in the axil of bract 
B will be terminated by a flower whose sepals are antidromic 
with those of figure 6. If one of these two branches is poorly 
developed it will as a rule be that in the axil of bract A. If one 
of these two branches fails to develop entirely it will also be 
the one in the axil of bract A. If one of the bracts subtending 
the flower in figure 7 had a weakened branch in its axil it would 
be bract A; and if only one branch develops it will be the one 
in the axil of bract B. This applies to any part of the inflores- 
cence, as may be deduced from figure 5a. There it is evident 
that if a branch of the inflorescence is poorly developed or 
fails to develop entirely it will as a rule be the one terminated 
by a flower whose calyx is homodromic with that of the flower 
in the axil of whose bract this branch originated. In figure 5a 
the relative length of the internodes is just as it was in the 
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actual specimen. Of 51 recorded observations on the failure 
of one of the branches at a node to develop, only one was not 
according to the rule formulated above. It is not unusual to 
find two branches at a node and no flower, a flower and no 
branches, a flower and one branch, or a flower and one small 
and one large branch. 


THE FLOWER 


In comparison with the flowers of Stellaria media those of 
S. aquatica are relatively stable with reference to the number 
of parts. But even in S. aquatica there is considerable variation ; 
and since the variability seems to be due in part at least to 
reduction of parts, a study of a form in which reduction is 
manifested to only a limited extent might show the early stages 
of reduction. The data given below have been accumulated 
with the intention of determining whether the variations oc- 
curring in this species are as unordered as might at first appear, 
and of determining as far as possible the range and limitations 
of these variations. 

No microscopical examination of the stages in the devel- 
opment of the flower has been made in this study to determine 
the exact relationship between the bracts subtending the 
flower in the bud, and the sepals. This relation was studied 
in 65 cases in which the flower had opened; this is not very 
satisfactory, since there is often a twisting of the pedicel of 
the flower which obscures the true relationship. The results 
obtained are in essential agreement with those of Wichura 
(1846, 1847). Wichura’s figures are similar to those of later 
authors (Eichler, 1878; Warming, 1904; Béguinot, 1920). 
Eichler’s figure has been widely adopted, among others by 
Pax (1889) and Rendle (1925). 

As mentioned above, the overlapping of the sepals may be 
of two types, depending upon their origin, in clockwise se- 
quence as in figure 6, and in counterclockwise sequence as in 
figure 7. Branches having the smaller branches upon them in 
clockwise spiral are terminated by flowers whose sepals origi- 
nate in counterclockwise sequence; those having the smaller 
branches in counterclockwise spiral are terminated by flowers 
whose sepals originate in clockwise sequence. Of 1180 flowers 
examined, 579 had the sepals originating in clockwise sequence 
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(as in figure 6), 601 in counterclockwise sequence (as in figure 
7). This difference is not very striking, but, as shown above, 
there were also more branches having the clockwise arrange- 
ment of their smaller branches and hence the counterclockwise 
sequence of the sepals in their first flowers. 

The typical flower of S. aquatica is pentacyclic, pentamerous, 
and syncarpous. As indicated in table 3, however, there is 
considerable variation from this type. The data shown there 
were obtained from plants growing wild. In the vicinity of the 
city of New York the flowering period begins about the first 
week in July and extends to the end of November or beginning 
of December. 

a. The calyx. The sepals varied in number from four to 
six—a rather small range. There is no time during the flowering 
period in which the number varies greatly. In table 3 there is 
shown a slight increase in the number of sepals in the beginning 
of October, but whether this is of any significance is question- 
able. Of all the parts of the flower the sepals showed the least 
variation in number—27 flowers with four sepals, 3756 with 
five, and 7 with six, making a total of 34 with other than five 
sepals against 3756 with five, or less than one per cent. 

The size of the sepals varies greatly, the first formed in an 
inflorescence usually being about 8 mm. long in fruit. Those 
later formed are smaller; in flowers with sterile stamens they 
are often much smaller, and in completely sterile flowers 
they are sometimes hardly more than a millimeter in length or 
even less. 

Four-sepaled flowers are in general of two kinds: those in 
which all or nearly all the parts are in multiples of four, and 
those in which the remaining parts are in multiples of five. 
In the latter there is obviously a fusion of two sepals, or the 
formation of one sepal of approximately twice the dimensions 
of a typical sepal. A study of the vascular system has been 
made (to be published shortly), which shows that the inter- 
nal structure is correlated with the two kinds of four-sepaled 
flowers indicated above, and that the difference is not merely 
superficial. Figure 16 is a diagram of a flower with four sepals 
all of the characteristic form; in figure 17, on the other hand, 
all parts of the flower are regular except one sepal which is 
obviously double the normal size, and has three stamens and 
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TABLE 3 
Variation in number of floral parts in Stellaria aquatica 


NUMBER OF FLOWERS WITH INDICATED PARTS ON RESPECTIVE DAYS Number of 
= ; erat reed a : a ae ___| flowers 

ATE NUMBER NUMBER NUMBER NUMBER examined 
OF SEPALS OF PETALS OF STAMENS OF STIGMAS on 

respective 
$ 5 6| 4 5 S tet He aN aS Se 5 = % days 

S isnnigipeanesinn 
July 8 18 17 1 1 16 1 2 $ 7 © 18 
14 90 86 3 1 2 84 4 86 $ 1} 90 
18 1 99 _ ws 2 98 4 95 1 | 100 
“ 20 100 99 1 99 1 1 1 97 1 | 100 
22 1 99 1 99 : eS 3 (97 | 100 
“ 26 100 99 1 98 2 4 93 ; 100 
> = 2 OR 100 1 2 96 1 94 6 | 100 
Aug 4 1 99 1 98 1 1 1 95 3 7 92 1 100 
8 99 1 94 6 2 91 6 1 2 96 2 100 
- 100 98 l l 1 96 2 1 1 16 82 l 100 
°. = 100 96 4 2 92 5 1 9 88 3 100 
22 1 100 2 99 3 98 3 98 101 
= = 1 99 i 96 3 2 94 4 10 86 4 100 
31 69 1 63 7 2 63 5 1 5 59 5 70 
Sept. 8 3 37 1 36 1 34 2 37 
zm 9 15 15 15 13 2 15 
= 3 91 91 90 1 1 Q 80 1 91 
> a 88 87 1 2 86 9 77 2 88 
- a 1 99 99 l 1 98 1 1 16 83 100 
—— 1 104 1 101 3 5 100 3 20 80 2 105 
Oct l 2 81 1 82 4 79 6 76 1 83 
: 2 2 64 2 64 2 1 62 1 8 56 2 66 
a 3 1 83 1 82 2 1 6 78 1 1 24 60 85 
™ 4 3 110 2 110 1 1 4 107 1 2 7 103 1 113 
5 103 1 104 2 101 1 3 100 1 104 
. 1 111 1 108 3 1110 1 3 105 4 112 
7 50 50 50 - 1 48 1 50 
e 8 1 36 1 36 2 35 4 33 37 
9 1 107 1 109 1 1 107 1 4 104 109 
> 119 119 119 1 110 & 119 
13 132 1 132 1 2 129 2 4 124 5 133 
- 1 106 106 1 106 1 7 94 6 107 
° & 98 98 1 97 6 90 1 1 98 
> oe 44 43 1 44 42 2 44 
° 1 90 1 90 1 90 3 86 2 91 
° 23 1 oR 1 1 98 1 100 3 92 4 1 100 
ae 53 53 53 9 44 53 
28 04 93 1 904 6 86 2 O4 
mia 43 43 1 42 8 34 1 43 
Nov. 2 64 - 64 - 64 - 7 54 3 64 
os 4 77 1 76 77 & 65 4 77 
= 7 2 60 1 60 1 2 56 4 7 48 7 62 
. 49 49 48 1 1 3 43 1 1 49 
ae 46 46 1 44 1 2 42 2 46 
“ 14 42 42 41 1 1 41 42 
= ie 10 10 10 9 1 10 
- #8 20 20 20 19 1 20 
19 15 15 15 15 15 
21 15 15 15 15 15 
a 10 10 1 9 10 10 
25 7 7 7 7 7 
- ma 1 5 1 5 1 5 ¢ 6 
i 1 4 1 t 1 4 5 5 
Dec. 1 6 6 6 5 | 6 


Totals 27 3756 §=67| 20 3721 46 3} 7 62 3667 51 3} 13 256 3409 107 5 3790 
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a petal opposite it instead of a single stamen. These diagrams, 
as well as all the others, are representations of actual flowers, 
and the two just discussed are not uncommon. Figure 18 
shows a case in which all four sepals are apparently normal, 
none is appreciably larger than the others; whether one of the 
sepals was supplied with double the amount of vascular tis- 
sue, whether one of them has become entirely petaloid, or 
whether the internal parts correspond with the external appear- 
ances remains to be investigated. It is not unusual in four- 
sepaled flowers to have only nine stamens, and sometimes 
three-lobed petals occur. 

Two additional factors support the view that the large 
sepals described above are in reality two sepals fused; first 
the occurrence, rather rarely, of a single large sepal more or 
less two-lobed, indicating partial fusion; and secondly the fact 
that different sepals are apparently fused at different times. 
The commonest arrangement in flowers having four sepals, 
one larger than the others, is to have two inner sepals alter- 
nating with two outer, sepal 3 of figures 6 and 7 being apparent- 
ly eliminated. One of the inner sepals then is twice its normal 
size, suggesting that there has been a fusion of sepals 3 and 
5 of both figures. This is illustrated in figure 17. In two flowers 
the calyx consisted of an outer sepal, then (going in clockwise 
direction) an oblique one, like sepal 3, this being double, then 
an inner sepal, then another oblique one, suggesting that se- 
pals 4 and 2 in figure 6 had fused. In another flower the arrange- 
ment, in clockwise fashion, was an oblique sepal (double), 
an outer sepal, another oblique sepal, and an inner sepal, 
indicating that sepals 2 and 4 of figure 7 had fused; all the other 
parts of the flower were in multiples of five. This evidence 
indicates strongly that there can be fusion of different sepals, 
the oblique one (number 3) with an inner, or an outer with an 
inner sepal. 


Sometimes in the calyx of S. aquatica there are sepals that 
are partially petaloid. This may be evident as merely a fine 
white line appearing in the center or on one side of the sepal; 
in other cases there are two white lines; from this there are all 
gradations to that condition in which the sepal is a two-lobed 
structure, one lobe of which is white, to that in which practical 
ly the whole sepal is white and two-lobed with just a trace of 
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green. The sepal affected in 40 flowers in which one was more 
or less petaloid in character, was in each case one of the inner 
ones; and of the 40 instances, sepal number 4 was affected 12 
times, sepal number 5, 28 times; this shows that the sepal 
nearest the petaline whorl in origin most frequently becomes 
more or less petaloid. One flower (fig. 18) was observed having 
four sepals all apparently normal, but between two there were 
three petals; it is possible that the middle petal of these three 
was a transformed sepal; the positions of the styles would sub- 
stantiate this though there were only nine stamens. This 
is merely a suggestion and awaits further histologic investiga- 
tion. This discussion of the petaloidy of the sepals is not offered 
as anything new; nevertheless it is intimately associated with 
the question of the origin of the perianth, a problem that has 
been debated up to the present but not wholly settled. 

b. The corolla. Greater variation in both range and num- 
bers was shown by the petals than by the sepals. There 
were 20 flowers with four petals, 3721 with five, 46 with six 
and 3 with seven. Here again there seems to be no time during 
the flowering period at which the number of petals is decidedly 
greater or less than at any other, though there was consider- 
ably more variation in August than at any other time; but the 
number of individuals was not very large for such a study. 

By means of sepal 3 it is possible to determine the position 
in the flower in which additional petals most frequently occur. 
The number of times that additional petals occurred in each 
position in figures 6 and 7 is shown in tables 4 and 5. It is evi- 
dent that additional petals very rarely occur opposite the se- 
pals. Supernumerary petals usually occur between sepals 2 
and 4, at position / in both figures. The additional petals at 
h numbered 32, those at all the other positions combined totaled 
only 18. The occurrence of additional petals in position h is 
shown in figures 19, 20, 21, and 23. It is thus possible to pre- 
dict where in the flower extra petals will usually occur. 

Of 46 flowers with one additional petal, 27 also had an 
additional stamen opposite that petal, fourteen had just one 
stamen associated with the two petals, four had no stamens with 
either petal, and one had three stamens with the two petals. 
In the greater number of cases, then, there is an additional 
stamen opposite an additional petal. This rather emphasizes 
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the close relationship between stamens and petals. Limited 
data indicate that when a petal is missing the stamen usually 
develops just the same. But this point needs further investiga- 
tion. 

Three flowers having seven petals showed considerable 
variation in the distribution of the latter; one flower had two 
additional petals between the same two sepals, another had 
two on each side of a single sepal (instead of just one), and the 
third had six sepals with two petals between one pair. 

TABLE 4 
Number of additional petals and additional, missing, and sterile 
stamens in each position in flowers having the sepals 


arranged in counterclockwise sequence as in figure 7 


SEPAL NO 1 3 5 2 4 rOTAL NUMBER 
Alter- 

POSITION nate Oppo 

IN FLOWER a b r d e f g h i k with site 
sepals sepals 

Additional 

petals 4 4 2 22 1 | 31 3 

Additional 

stamens 1 4 2 3 1 19 10 1 26 15 

Missing 

stamens 1 2 2 2 | 13 1 3 1 21 4 

Sterile 103 109 64 63 52 101 92 119 90 141 533 401 

stamens 108.5)|(114.8)| (67.4), (66.4)| (54.8) (106.4) | (96.9) /(125.4)| (94.9) | (148.5) 





Petals having three lobes instead of two not infrequently 
occur. Sometimes one of the three lobes is smaller than the 
others (usually the central one); in other cases the three are all 
of approximately equal size. Of five five-sepaled flowers like 
that in figure 7, having a three-lobed petal, four had it in posi- 
tion hk. Of four flowers like that in figure 6, three had the three- 
lobed petal at 4, making a total of seven out of nine possible 
cases at h; the other two positions were d in figure 7 and )d in 
figure 6. The position h is the one in which additional petals 


also most frequently occur. There were also two four-sepaled 
flowers having three-lobed petals. Of eleven flowers having 
three-lobed petals, six had a single stamen associated with the 
three-lobed petal, five had two stamens, showing that it is not 
unusual to have an increase in the number of stamens associated 
with an increase in the petal quantity. 

Simple petals (not two-lobed) are also found in S. aquatica. 
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There were nine such cases observed, one occurring at points 
h and } in figure 7, one at A and k and five at d in figure 6. 
Such petals were associated with a single stamen, as in the 
case of normal petals. 

In addition to these non-lobed petals, others sometimes 
occur in which the lobes are of unequal size. Then too there 
are flowers in which the petals are much reduced in size. This 
is particularly true of the flowers with sterile stamens produced 
especially toward the end of the year; in these the corolla 
may be no larger than the calyx, and sometimes it is decidedly 
smaller. 

TABLE 5 
Number of additional petals and additional, missing, and sterile 
stamens in each position in flowers having the sepals 
arranged in clockwise sequence as in figure 6 








SEPAL NO i 4 | > 


























2 ls ls tn Lf TOTAL 
& | TOTAL NUMBER | tables 4 and $ 
; | |Alternate| |Alternate O : 
POSITION a k | i hig] f e | d c| bj with |Opposite) with Pposite 
IN FLOWER | ee | sepals | sepals | sepals | sepals 
Additional Me 42 eS | 
petals 3 | | 10) 3 16 0 47 3 
Additional | ; | | | | | 
stamens 6; 9 1; 1} 1 10 8 36 23 
Missing | | | | | 
stamens 2i- | £ Ss &-e3 | 2} it ok 7 
Sterile ee Dae 
stamens 115 | 135 99 | 118) 109 112) 65) 68) 69) 94) 527 457 1060 858 
| } | | | | | 











Sometimes one or several of the petals are reduced, while 
the others are of the normal size. There may thus be petals 
of different sizes in the same flower. The most extreme reduc- 
tion takes place in the minute totally sterile flowers in which 
the petals are sometimes reduced practically to the vanishing 
point. 

Petals more or less green (usually less) have been observed. 
This is a suggestion of sepaline character. Further suggestion 
of the relationship between sepals and petals is offered by the 
occurrence of two-lobed sepals with one lobe green and the 
other white, with the petal missing which should be adjacent to 
the white half of the sepal. Whether such instances are cases 
of fusion between members of the two whorls remains to be 
established for S. aquatica. 








f, 
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Anthers sometimes occur on petaloid structures. This 
was observed in only four cases in this species, and in each of 
these the petaloid structure was in addition to the usual num- 
ber of petals. In one instance the stamen, anther and filament, 
were apparently fused with a petaloid structure, as all were 
distinguishable. In the other three the anthers were simply 
borne on a petaloid outgrowth, simple in two cases, two-lobed 
like a petal in the other. In each instance there was the usual 
complement of ten stamens also, so that these structures 
were supernumerary with regard to both petals and stamens. 
Whatever interpretation may be placed upon them, their oc- 
currence further emphasizes the close relationship between 
stamens and petals. 

c. The androectum. The number of stamens varies decidedly 
more than that of the sepals and petals, as indicated in table 
3. Of 3790 flowers 7 had eight stamens, 62 had nine, 3667 
had ten, 51 had eleven and 3 had twelve. The ten usual stamens 
are arranged five opposite the sepals and five opposite the pet- 
als. In the floral diagrams below they have been drawn 
as two whoris in the obdiplostemonous arrangement. The 
question of obdiplostemony is to be considered further in the 
study of the internal structure of the flower. Each of the antesep- 
alous stamens is provided with a gland at the base of the 
filament. 

As indicated in tables 4 and 5 the positions in each of the 
two kinds of flowers in which additional stamens most usually 
occur are A and 7. Of 41 supernumerary stamens occurring 
in flowers having the sepals in counterclockwise sequence 19 
were at / and 10 at 7; and of 18 additional stamens in flowers 
in which the sepals originated in clockwise sequence 9 were at 
h and 6 at ¢. Out of a possible 59, 44 of the additional stamens 
occurred in these two positions; additional stamens at h 
were more frequent than at 7. The close proximity of these 
two positions may also be of significance. Figures 19, 20, 24, 
25, and 26 illustrate the occurrence of extra stamens in these 
positions. 


Position h is important, then, because it is there that addi- 
tional petals, three-lobed petals, and additional stamens 
most frequently occur. Furthermore position /# with the cen- 
ter of sepal 3 establishes an axis passing through the center 
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of the flower. This axis corresponds in position with axes of 
symmetry in the flowers of Hyoscyamus albus, Stigmaphyllon, 
Hiptage Madableta, Camarea triphylla, Trigonia simplex, 
Hirtella triandra, Couepia macrophylla, Licania macrophylla, 
Parinarium Gardneri, and Hirtella Sprucei (Eichler 1875, 1878). 

Of 36 supernumerary stamens opposite petals, 27 were 
associated with an additional petal, 4 with a three-lobed petal 
(the fifth three-lobed petal mentioned above being in a flower 
having nine stamens) and in only 5 cases were two stamens 
associated with a single petal. This again emphasizes the close 
relationship between these structures. It is not unusual to 
find two stamens opposite a sepal and then there is no additional 
petal or sepal. 

The position at which a stamen may most easily be lost 
also seems to be relatively fixed. As indicated in tables 4 and 
5 position f more frequently is without a stamen than any other. 
In 18 cases out of 39 this was the position affected. In only 7 
instances out of 39 was a sepaline stamen lost. The failure of 
a stamen to develop in position f is shown in figures 27 and 28. 
With the center of the flower position f establishes another 
axis; this is similar in position with axes of symmetry in the 
flowers of Petunia nyctaginiflora, Schizanthus retusus, Salpiglos- 
sis sinuata, Anacardium occidentale, Saxifraga granulata, Saxt- 
fraga sarmentosa, and Cassia caroliniana (Eichler 1875, 1878). 
Through these axes, shown in figure 5b, which are established 
in the flower with a certain amount of constancy, the flower 
seems to be losing its regularity and taking on a form which, 
to a certain extent at least, is zygomorphic with respect to 
certain whorls. 

Eight stamens have been found in four- and five-sepaled 
flowers, nine in four-, five-, and six-sepaled flowers, ten in four- 
and five-sepaled flowers, eleven and twelve in five- and six- 
sepaled flowers. 

When a stamen is missing it frequently happens that the 
filament of one of the adjacent stamens, instead of being more 
or less in a plane with the axis of the flower, leans over into 
the space in which the stamen is missing, the anther sometimes 
being extended beyond the place that the missing stamen would 
occupy. 

Sterility in the androecium. Flowers of S. aquatica frequently 
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have one or more of the stamens modified into staminodia. 
There are all grades in the sterility of the stamens. All the 
normal anthers examined showed some small pollen grains. 
From this condition of normal minimum which seems to pre- 
vail in all flowers there are examples of all grades in the increase 
in the proportion of sterile grains to cases in which the majority 
of the grains in an apparently normal anther are small and 
shrivelled. Likewise there are stamens which have normal 
anthers with the usual proportion of normal grains but with 
the filament shortened; or the filament may be of the usual 
length but the whole anther shrivelled and dry in appearance. 
Such anthers have a fraction at least and more usually all 
of the grains shrivelled. There are examples of all stages in the 
decrease in the size of the anthers, from those only slightly 
below normal to those in which the anther consists merely of 
an extremely minute membranous structure without pollen 
grains; sometimes there appears to be a yellow mass within 
the anther, not developed into grains; sometimes this too is 
lacking. This reduction of the anthers is accompanied as a 
rule by a reduction in the size of the filaments, so that sterile 
stamens are often very small structures barely visible to the 
naked eye; sometimes they appear merely as minute micro- 
scopic papillae. It occasionally happens that half an anther 
is normal with normal grains, the other half small with shriv- 
elled grains. 

Preliminary germination tests which have been made indi- 
cate that the small shrivelled grains do not germinate under 
conditions identical with those permitting the formation of 
tubes in the normal grains. 

Tables 4 and 5 show the positions of the staminodia in 
flowers having from one to nine stamens sterile; all are here 
grouped together except those having all ten stamens sterile. 
Table 4 was compiled from 305 flowers having a total of 934 
staminodia, or 3.06 staminodia per flower; table 5 gives data 
from 300 flowers having a total of 984 staminodia or 3.28 
staminodia per flower, giving an average of 3.17 staminodia 
per flower. 

In the flowers examined the production of reduced stamens 
was more common in the antepetaline than in the antesepaline 
whorl—a total of 1060 sterile stamens in the former to 858 
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TABLE 6 
Sterile stamens in Stellaria aquatica 
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in the latter. Tables 4 and 5 show further the number of these 
in each position in the flower, the letters being the same as in 
figures 7 and 6. In ascending order with reference to the num- 
“> of sterile stamens the positions in table 4 are e, d, c, i, g, 

, 6, h, k; the order in table 5 is e, d, c, b, i, g, f, a, h, k. These 
i he excepting 6 are the same. The total number of sterile 
stamens taken into account in tables 4 and 5 is 1918, of which 
934 are in table 4 and 984 in table 5. Therefore each of the 
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Fig. 8. Frequency of the occurrence of sterile stamens, AA of the posi- 
tions of the flower having the sepals as in figure 7, BB of the positions of the 
flower having the sepals as in figure 6. 


figures in table 4 was multiplied by 984/934, and the values 
obtained are recorded in parentheses. Then these values and 
those of table 5 were plotted as shown in figure 8. There AA 
is the graph for table 4, BB the graph for table 5. The general 
similarity of these curves is quite evident, the greatest incon- 
sistency being at 6. Why certain positions should have more 
or fewer sterile stamens, in definite ratio with theother positions, 
is not evident. 
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Table 6 gives the number of flowers with 1—10 sterile stamens 
for different days during the flowering period. Thus on July 22, 
there was one flower with one sterile stamen, one with two, one 
with three, three with four, none with five, two with six, none 
with seven, eight and nine, and two with all ten stamens sterile, 
giving a total of ten flowers showing one or more sterile stamens 
and a total of 50 sterile stamens for those ten flowers. The total 
number of flowers examined on that day was 100 and the total 
number of stamens on those 100 flowers was 998. Therefore the 
percentage of flowers showing one or more sterile stamens was 
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Fig. 9. Advancing seasonal staminal sterility: AA the per cent of the 
total number of flowers examined on the respective days with one or more 
sterile stamens, BB the per cent of the total number of stamens on the respec- 
tive days sterile. 


10; the percentage of the total number of stamens sterile on 
that day was 5.0. These percentages are shown plotted in figure 
9, AA being the percent of the total number of flowers examined 
on the respective days with one or more stamens sterile, BB 
the per cent of the total number of stamens sterile each day. 
The average of the first taking the total number of flowers into 
account, was 19 per cent, that of the second 7.1 per cent. 

In general there is a gradual increase in the number and 
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proportion of sterile stamens toward the end of the season. 
The only striking exception to this general increase was on 
September 8 and 9. It should be stated that torrential rains 
during the first week in September washed away all but the 
older and lower portions of a few plants; this also explains 
the small number of flowers examined on those days. Some 
of the other smaller deviations are less easily explained. The 
plants were growing wild and not all in the same place; the 
flowers were taken at random. Those for instance listed for 
October 18 were found in a more exposed place, and were ap- 
parently more liable to insect attack than the others. Some 
variations are to be expected, but the general trend, with the 
one exception mentioned above, can hardly be questioned. 
There is apparently a gradient here associated with metabolic 
activity (Child, 1915a, b). The terms sterile and reduced are 
used in their broadest sense, any stamen showing some evi- 
dences of sterility being listed. 

It is apparent from table 6 that the number of flowers 
having just a single stamen sterile is greater than that of flowers 
having two, and that the number of flowers decreases as the 
number of staminodia increases, excepting in flowers having 
all ten stamens sterile; there, there was a decided increase. Such 
flowers having all the stamens sterile are really imperfect. A 
limited number of these was cross pollinated and set seed in 
each case, while similar flowers not pollinated did not. Both 
Henslow (1888) and Rendle (1925) ascribe the derangement 
of the staminal whorls to low temperature, Rendle remarking 
that in S. media ‘the number of abortive stamens is greater 
the colder the time of year.’ This is in agreement with the re- 
sults given above. However they go on to say that in the Al- 
sinoideae the pistillate flowers are in bloom chiefly at the begin- 
ning of the flowering period. This does not hold for S. aquatica. 
Plants growing wild in the vicinity of the city of New York 
have been watched for several years. They did not come into 
bloom much if any before the first week in July. Of a total 
of 608 flowers gathered at random during the month of July 
only two had all ten stamens sterile, while in November of 428 
flowers 27 had all the stamens sterile. This indicates that for 
S. aquatica the condition is just the reverse of that given by 
Henslow and Rendle for the Alsinoideae. 
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d. The gynoectum. The styles and carpels of S. aquatica 
are typically five in number. Bentham (1861, 1862) however, 
reported the occurrence of three-styled flowers in India and 
temperate Asia. Béguinot (1914) gives the variations in the 
number of styles from six to two, four and three being the most 
common after five. He remarks that the percentage of flow- 
ers with four styles is greater in June and July and less in 
October and November. 

The number of styles in flowers recorded in table 3 varied 
from three to seven, there being 13 flowers with three, 256 
with four, 3409 with five, 107 with six and 5 with seven. The 


proportion of four-styled flowers here is less than that reported 


TABLE 7 


Variation in number of styles according to months 




















NUMBER OF NUMBER OF PER CENT NUMBER OF PER CENT 
MONTH FLOWERS 4-STYLED OF FLOWERS 6-STYLED OF FLOWERS 
EXAMINED FLOWERS 4-STYLED FLOWERS 6-STYLED 
July 608 14 aa 21 3.4 
August 671 52 7.7 16 2.4 
September 436 55 12.6 9 2.1 
October 1641 107 6.5 41 y 
November] 428 28 6.5 19 4.4 
Totals 3784 256 6.8 106 2.8 











by Béguinot, and the proportion of six-styled flowers much 
greater. The four-styled flowers examined by Béguinot varied 
in number from approximately 28 per cent of the total number 
in June and July to 13.24 per cent in October and November, 
and only 3 out of 814 flowers were six-styled. In table 7 the 
data given in table 3 are arranged according to months; in 
contrast to the figures for the Mediterranean region the data 
for New York indicate a variation in the proportion of four- 
styled flowers from 2.3 per cent in July to 12.6 per cent in 
September, the proportion of the total number of flowers four- 
styled being 6.8 per cent. Of course the variation in the months, 
if seasonal, would not correspond with that in Italy and the 
Mediterranean countries. The percentage of six-styled flowers 
varied from 2.1 to 4.4 per cent, the proportion of the total 
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number of flowers six-styled being 2.8 per cent. Thus the per- 
centage of six-styled flowers, while low, was not entirely negligi- 
ble, and in July actually exceeded that of the four-styled flowers. 
The proportion of three-styled flowers found is less than that 
reported by Béguinot. 
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Fig. 10. Position of the styles in 20 four-styled flowers having the sepals 
overlapping as in figure 6. 


The five styles of S. aquatica typically alternate with the 
five sepals i.e. the carpels are opposite the petals. Therefore 
in four- and six-styled flowers there must of necessity be some 
asymmetry. In figures 10 and 11 the positions of figures 6 and 7 
are plotted and lettered as in those figures. The circles in those 
figures represent the styles, each of the flowers there diagrammed 
having four. Figure -10 thus shows the positions of the styles 
in 20 four-styled flowers; in figure 11, 21 flowers are represented. 
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In the normal five-styled flower there is a style in positions 
b, d, f, h, k. The data here presented are subject to some error 
because of the bending of the styles and stigmas. However 
by examining the styles near the base this difficulty is partly 
overcome at least. This procedure was followed. The splitting 
of the capsules was in many cases compared with the positions 
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Fig. 11. Position of the styles in 21 four-styled flowers having the sepals 
overlapping as in figure 7. 


of the styles (by means of records) and there was general agree- 
ment in the major lines of splitting, with some exceptions. 
From figures 10 and 11 it is evident that in a general way the 
styles primarily affected in four-styled flowers are those in 
positions 6 and k; these are usually replaced by a single one 
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which varies somewhat in its position but tends to be at or 
near position a (shown also in figure 29). This holds for flowers 
with the sepals overlapping as in figures 6 and 7 in equal mea- 
sure. Position a with the center of the flower also establishes 
an axis in the flower; this axis is identical in position with the 
one established by the frequent loss of a stamen in position f. 

Figures 12 and 13 show the positions of the styles in six- 
and seven-styled flowers. From figure 13 it appears that the 
single style at d tends to be replaced by one at both c and e, 











a k h g j € d c b @) 
1 De aes he ee Se Bes WEP Se SES Bs 
g ---|----9----| ---9---4----9---0}+---4-------4--0- 
3 -—+----9---—0---@---+4----9---+----9---4—-— OF --- 
4 ---| ---40---}------O} ----+0---}+- ——-9---4-------- 
& ---+---o----}+---0----+---0}---- D--—-+----)----9---- 
@ ---+-—-@----|----9---+----9----9---4- 0-4]-- 04---- 
7 -- -+----p---9---+0--+---+40--4---—4-0-+4---0}---+ 
g ---/---o---+0--+——-04---4---o}- ---+--0-++--0-+---- 
9 ---+--O}---+0---}+--0+---+ +---O+---- $----++-0--+---- 
10 ---- ---}--0-|---9---o} ----| ---@-------} ---9---- 
11 ---lo---|- ---+-0--+---+0---+---@----9----40--+---+ 
nai Ue ah aes, tas es talk: ne wah a 
i eo a oo 





























Fig. 12. Position of the styles in 12 six-styled flowers and 1 seven-styled 
flower having the sepals overlapping as in figure 6. 


thus accounting for the additional one (fig. 30). Of course the 
position of the other styles here as in four-styled flowers is 
also somewhat affected, but that seems to be the general rule. 
This is not so evident from figure 12. These observations on 
the styles, especially in the six- and seven-styled flowers, are 
of a preliminary nature. There seems then to be another axis 
of symmetry established in six-styled flowers, passing through 
d. This is similar in position to axes of symmetry in the flow- 
ers of Impatiens glanduligera, Impatiens tricornis, Aesculus 
Hippocastanum, Urvillea, Serjania, Salvertia convallariodora, 
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Vochysia oppugnata, Qualea macropetala and Myoporum parvi- 
folium (Eichler, 1875, 1878). None of these axes established in 
the flower of S. aquatica with reference to missing and addi- 
tional parts correspond with the axis of symmetry most usually 
occurring in flowers with a five-parted calyx, namely that 
passing through 6 and the center of the flower. 
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Fig. 13. Position of the styles in 19 six-styled flowers and 2 seven-styled 


flowers having the sepals overlapping as in figure 


" 
‘. 


The number of stigmas and styles is largely independent of 


that of the other organs. 


In only about one-fifth of the total 


number of flowers with other than five stigmas was one or 
more of the other whorls irregular. Since the variation in the 
number of carpels is greater than that of all the other parts 
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Figs. 14-22. 
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having the sepals overlapping as in figures 7 and 6 respectively; 16, 17, 18, 


flowers having four sepals; 19, 20, 21, 


having eleven stamens. 
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flowers having six petals, 19, 20, 


Floral diagrams of Stellaria aquatica: 14, 15, typical flowers 
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Figs. 23-31. Floral diagrams of Stellaria aquatica: 23, a flower having 


six petals, nine stamens; 24, 25, 26, flowers having 11 stamens in] various 
positions; 27, 28, flowers having nine stamens; 29, a flower having four 


carpels; 30, a flower having six carpels; 31, a flower having seven carpels. 
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combined it is evident that they must vary independently. 
There is a large number of possible combinations in the number 
of parts in the different whorls, anda great many occur. Flow- 
ers with four stigmas may have four, five, or six sepals; so 
also with the flowers having five stigmas. The number of 
stamens associated with these parts also varies. A few of the 
different and more common combinations are shown in figures 
16-31. It is realized that here, as elsewhere in this work, 
mathematical and statistical treatment of the data might be 
offered, but it seems that that would add little to the general 
concepts presented. 

Individual plants for purposes of flower study have not 
been grown; but flowers with varying numbers of parts have 
been observed in the same inflorescence; that is plants have 
not been found bearing flowers which have only four sepals, 
or four or six stigmas or eleven stamens etc. While it is possible 
that one plant may produce more flowers with four stigmas than 
another, no plants having only the atypical flowers have been 
found. This also applies to plants with imperfect flowers. 

A glance at table 3 shows that the sepals manifest the 
least variation in number, the carpels the most, with the petals 
and stamens intermediate. The variability in the number of 
parts thus increases from the base of the floral axis toward 
the apex. 

In addition to flowers with one or more stamens sterile, 
others have been observed in which not merely the stamens but 
the pistils as well are sterile. Such flowers show varying de- 
grees of sterility and reduction, from those in which the petals, 
stamens and pistil are present but reduced in size, the stamens 
usually hard, dry, containing shrivelled pollen, the ovary 
wrinkled, tan or yellowish in color, supplied with minute 
ovules, to those extremely reduced flowers in which the corolla 
is apparently missing even when the flower is viewed with a 
binocular microscope, the stamens very small with little or 
no pollen, and the pistil very minute or practically failing to 
develop. 

Stellaria aquatica shows two types of sterility, that in which 
the stamens are in part or wholly non-functional but the pis- 
tils produce seeds if pollination is effected, and that in which 
neither stamens nor pistils function. Flowers of the latter 
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type may be produced at various places in the inflorescence, 
the first flower sometimes being so modified. This represents 
a weakening of the dichotomous cyme (Parkin, 1914). These 
sterilities would be considered by Stout (1916) as sterility 
from impotence; in the one case partial impotence involving 
the stamens, and in the other complete impotence with refer- 
ence to both kinds of sporophylls. According to the classifica- 
tion of Sirks (1917) there is partial unilateral sterility (of the 
stamens), total unilateral sterility (of the stamens), and total 
bilateral sterility (in which both stamens and pistils fail to 
function). Whether there is a partial and total unilateral steril- 
ity involving the pistils has not been determined. These types 
of sterility are found rather commonly in the angiosperms. 


GENERAL CONSIDERATIONS AND DISCUSSION 


From the data presented in the preceding pages it is evi- 
dent that the variations in S. aquatica are governed, to an 
extent at least, as to their position in the flower; by the fre- 
quent occurrence of variations in definite positions, axes of 
symmetry are established, through position h with reference 
to additional petals, three-lobed petals, and additional stamens, 
through position f with reference to missing stamens, through 
position a in flowers having four stigmas, and through position 
d in flowers having six stigmas. These axes are shown in their 
relationships in figure 5b, the axis through position h being 
indicated with a solid line in each flower, that through a and 
f with a broken line, that through d with a dotted line. While 
it is true that the oblique directions of the internodes in the 
inflorescence cannot be shown in such a diagram, the bracts 
at the nodes are typically horizontal in the living condition, 
as are the flowers while they are open, so that except for the 
different levels in the inflorescence the diagram is representa- 
tive of the relations as they actually exist. It remains still to be 
established however that all the axes of symmetry represented 
there can occur in each of the positions in the inflorescence; 
this has not been investigated in the present study. As a rule 
of course not more than one of the axes is established in the 
same flower. Comparing the two flowers which terminate the 
two branches originating at the same node in the inflorescence 
with the flower at that node it is evident that the axis through 
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f in flower number 2 in figure 5b forms an angle of 90° with the 
axis through f in flower number 1; the axes through / in these 
two flowers also form an angle of 90°, and those through d 
also form the same angle. On the other hand the axis through 
f in flower number 2’ forms an angle of 162° with the axis 
through f in flower number 1, that through / in flower number 
2’ one of 18°, and that through d one of 54° with the similar 
axes in flower number 1 respectively. Similarly the axes of 
flower number 3 are at right angles respectively with those of 
flower number 2, while those of flower number 3’ through f, 
h, and d again form angles of 162°, 18°, and 54° respectively 
with the similar axes of flower number 2. The axes of flowers 
number 3’ and 2’ are again at right angles, while those of flow- 
ers number 3 and 2’ again form angles of 162°, 18°, and 54°. 
It may thus be said that of the two branches developing at 
a flowering node, that terminated by a flower having the se- 
pals homodromic in origin with those of the flower at the node 
from which the branch develops will have these axes all at 
90° with the similar axes of the flower at that original node; 
in the flower terminating the other branch these axes through 
positions f, 4, and d will be at angles of 162°, 18°, and 54° 
respectively with the similar axes of the flower at that original 
node. 

Axes f, h, and d in flower number 2 form angles of 108°, 
108°, and 36° with the same axes in flower number 2’; this is 
true also for flowers 3 and 3’, 4 and 4’, etc., for flowers terminat- 
ing branches which originate at the same node. It may then 
be further said that the axes through f, 4, and d of the one of 
two flowers terminating the two branches originating at the 
same node in the inflorescence will form angles of 108°, 108°, 
and 36° with the same axes of the flower terminating the other 
branch. The f axes of flowers 1 and 3’, 2 and 4’, 2’ and 4, 3 
and 5’, etc., form angles of 108° (or 72°); the # axes also form 
angles of 108° (or 72°); the d axes form angles of 36° (or 144°). 
It is thus possible to consider the relationship between these 
axes of symmetry even though their occurrence in the infiores- 
cence may not be very frequent. The relationships will usually 
not be as diagrammatic as in the figure. 

It is evident that there are fluctuating variations in S. 
aquatica. The general topic of fluctuating variations has re- 
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ceived its due share of pages in modern biological literature. 
Whether evolution is considered to be due to the accumulation 
of minor variations, or whether the key to the scheme of de- 
scent is sought in larger mutations, variations of a minor nature 
cannot be denied throughout the organic world; it is their 
interpretation that gives rise to disagreement. Morgan, Sturte- 
vant, Muller, and Bridges (1922) assert that the effects of fac- 
tors may be modified by ‘environmental’ and ‘developmental’ 
influences as well as by other factors. Morgan (1926) admits 
the possibility that the gene may be stable ‘because it fluctuates 
quantitatively about a persistent standard’, though he inclines 
to the view that ‘the gene is constant because it represents 
an organic chemical entity.’ The importance of the environ- 
ment, especially as regards sexual relations in plants, has been 
strongly emphasized by Schaffner (1921, 1922, 1923a, b, 1926, 
1927a, b, 1928) whose extended observations and experiments 
show that in certain plants at least, such as Cannabis sativa, 
Arisaema triphyllum, Arisaema Dracontium, Humulus japonicus, 
and Zea Mays, the important sexual relations may be modified 
by external influences. 

Aside from the importance of variations from the evolution- 
ary and genetic standpoints among others, they are of signifi- 
cance also in the concept of types. This concept is ancient; it 
goes back at least to Aristotle. With the development of 
systematic botany, especially by Linnaeus; the nomenclatorial 
type concept received a great impetus. 

While the existence of forms in evolutionary relationship 
has been so universally admitted since Darwin’s time, their 
boundaries, partly at least because of their variability, have 
been much disputed. The existence of races and varieties in 
many species cannot be questioned ; and the study and establish- 
ment of such varieties can apparently go to great lengths. The 
present study, however, has not been in the nature of a genetic 
investigation ; such researches are still to be done on S. aquatica. 
That lines could be established, ‘pure’ for various characteristics 
at least, seems possible. But these would still have much in 
common with the conept of S. aquatica presented in the preced- 
ing pages; and such work would make a previous general study 
of the plants as found in nature all the more fundamental. 

Despite the great number of species, races, and varieties 
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described for many plants, the concept of biologic types which 
are the results of physical and chemical forces has not been 
strongly emphasized. For the lower plants Harper (1916, 1926) 
has put forth such factors as the angular relations of cells, 
mutual pressure, adhesion, surface tension, and inherited form 
tendencies; and again diminishing load and maximal resistance. 
Lewis (1923, 1925) has established the tetrakaidecahedron as 
the type for cells in certain tissues. 

There has been an attempt in the preceding pages to disclose 
the type, if any be present, for the stem, the inflorescence, and 
the flower of S. aquatica. In any complete study of types not 
merely a single species but related forms as well should be 
investigated. The stem with leaves decussately arranged seems 
to be typical. Whether the symmetrical production of branches 
in a single or in a double spiral is to be considered the true 
type, or whether it is passing from one to the other is still an 
open question. To say with Thompson (1917) that phyllotaxy 
is due to the ‘steady production of similar growing points, 
similarly situated, at similar intervals of time’ is merely putting 
the problem one step farther back; and the ‘laws’ of cell 
division and growing points are intricate but not unquestioned. 

The symmetry of the true dichotomous cyme suggests a 
real type, and the regular, pentamerous, symmetrical flower 
is a type in itself. Loss of parts apparently has been and is 
going on in the stem, the inflorescence and the flower. This may 
be the explanation of single and double spirals formed by the 
branches on the stem, especially since the condition of opposite 
leaves is looked upon as a derivation from an originally spiral 
type; it undoubtedly seems to be the explanation of the break- 
ing down of portions of the cyme and the reduction in the floral 
parts. This too, it is realized is by no means an ultimate answer. 
Whether the production of supernumerary floral parts is a 
tendency toward type formation in a new direction, or a hark- 
ing back to an original type with a larger number of floral parts 
cannot yet be regarded as settled ; the latter is in agreement with 
accepted theories as to the origin of the Caryophyllaceae. 

The physical and chemical bases of stability in the higher 
plants, aside from angular relations and patterns of symmetry 
are difficult to approach, and further interpretations are re- 
served for the accumulation of additional data. 
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In the preceding pages emphasis has been put upon varia- 
tions as emphasizing the types. The results indicate that 
many of these minor differences not only in plants of the same 
species, but even in different parts of the same plant, are not 
merely haphazard, but in many cases definitely fixed. The 
ultimate explanation of the possibility of predicting in which 
position in these terminal, usually actinomorphic flowers certain 
irregularities will occur with reference to the sepals, and con- 
sequently with reference to the bracts, the inflorescence, and 
the branches of the stem, is still unknown. 


SUMMARY 


1. Primary stems of Stellaria aquatica have the branches, 
and branches in turn have the smaller branches upon them 
arranged either in a clockwise or in a counterclockwise spiral, 
and sometimes in a double spiral. Clockwise and counter- 
clockwise spirals occur in approximately equal numbers. The 
same plant as a rule shows both types of spirals on different 
branches with no apparent regularity in their distribution. 
There may be apparent reversals in the direction of the spirals. 

2. The cotyledonary node frequently has two branches in 
the axil of each leaf, and the two following nodes have as a 
rule one branch in the axil of each of the leaves. 

3. As pointed out by the older authors, the overlapping of 
the sepals of the first flower is correlated with the arrangement 
of the branches; the position of the flower in the inflorescence 
is also correlated with the position and overlapping of the 
sepals and the direction of the bending of the pedicels as shown 
diagrammatically in figure 5b. 

4. There is a decided variation in the number of parts in 
the flower, increasing from the base of the floral axis toward its 
apex, the sepals manifesting the least variation, the carpels the 
most. Additional petals and stamens, missing stamens and 
carpels, and probably additional carpels are fairly fixed as to the 
position in the flower in which they most frequently occur with 
reference to the sepals, and consequently with reference to the 
bracts and the position in the inflorescence. Thus axes of sym- 
metry are established in the flower in definite relationship to 
similar axes in other flowers in the inflorescence. 

5. There is a sterility of the stamens which shows a rather 
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gradual increase as the season progresses. Certain stamens are 
more frequently sterile than others. Some flowers show sterility 

of both stamens and pistils, such flowers being comparatively 
minute. 

6. The type characteristic of the stem, the inflorescence, 
and the flower of S. aquatica is emphasized. 

To Professor C. C. Curtis for his kind guidance and friendly 
criticism, and to Professor R. A. Harper for his many helpful 
suggestions I feel deeply grateful. 
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Not Piper angustifolium Lamarck: 
not Piper elongatum Vahl 
WILLIAM TRELEASE 

Ever since scientific names have been given to what are 
taken for species in nature as a means of intelligible reference 
to them, it has been recognized that one name cannot con- 
sistently designate more than one species. By common consent 
naturalists have come to retain a given name for the species 
to which it was given first, whenever through lack of informa- 
tion or through error it has been applied to several species. 
Though constituting no part of the name, an indication of the 
person who first published it is commonly appended to it; and 
pending its complete stabilization, it usually is followed by a 
negative indication of the same name, with similar author 
citation, in case others have used it to designate other species. 

In 1791 Lamarck named a small Cayenne shrub Piper 
angustifolium. So far as known even yet, it occurs only in the 
Guianas and the lower Amazon region. 

Seven years later, apparently in ignorance of Lamarck’s 
publication, Ruiz and Pavon gave the same binomial, Piper 
angustifolium, to the narrower-leaved form of ‘matico,’ which 
is confined to the eastern slope of the Andes and is exported, 
for medicinal use, chiefly from Bolivia. Obviously, Piper 
angustifolium Ruiz and Pavon, not Piper angustifolium Lam.., 
needed rechristening; and in 1805 it was renamed Piper elonga- 
tum by Vahl. 

For some reason, possibly through similar oversight, Rox- 
burgh in 1820 again used the same binomial, Piper angustt- 
folium, for an entirely different Indian herb; and a decade later 
Dietrich entirely renamed this Piper angustifolium Roxb., 
not P. angustifolium Lam., not P. angustifolium Ruiz & Pav.., 
Peperomia Roxburghiana, though he might possibly have done 
better by retaining the trivial name given by Roxburgh when 
making the new binomial, as was done by Casimir de Candolle 
subsequently, under a procedure now generally approved. 

Quite paralleling the practice of fixing one binomial for each 
kind of plant, and an expression of the same effort to give 
unmistakable significance to names, there has arisen the common 
practice of bringing together for each species under its accepted 
name any different names which it may have received through 
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oversight or error. The elimination of such synonyms borne 
by a given species is of equal importance with the elimination 
of all but one species designated by a given homonym. 

This conventional treatment of both synonyms and 
homonyms is essentially a matter of book-keeping, based on 
ascertained facts. Unfortunately fact and opinion are not always 
sharply separable in the interpretation of ‘species,’ and it is 
quite humanly possible to err either in considering two differ- 
ently named forms to be specifically identical or in considering 
two identically named forms to be specifically separable. This 
is a very weak point in a mid-Victorian convention which con- 
sidered a binomial duly relegated to synonymy as virtually 
non-existant and therefore fully applicable to any other species. 

That the medicinal ‘matico’ continues to be spoken of com- 
monly—and uniformly in pharmacal circles—as Piper angustt- 
folium Ruiz and Pavon, results from a still prevalent belief 
that finality in human judgments is achievable. After the 
Piperaceae had been monographed in 1869 by Casimir de Can- 
dolle, such finality was accorded his judgments as those of the 
only competent authority on a large and most intricately diffi- 
cult family of plants. 

In this classic handling of the genus Piper, Lamarck’s 
prior use of the specific name angustifolium was not recognized 
as displacing the more familiar homonym of Ruiz and Pavon, 
so that the binomial Piper angustifolium was adopted for the 
‘matico’—under it, as synomyms, being placed the name 
Piper elongatum Vahl and its later equivalents Steffensia 
elongata Kunth and Artanthe elongata Miquel, as well as Piper 
purpurascens Dietrich; while the monographer forecasts rather 
than declares the now evident conclusion that what he names 
Piper salviaefolium (Artanthe salviaefolia Miquel) is likewise 
of this species. Published mention of Piper angustifolium or 
Piper elongatum from that point on compels recognition that 
there is fallacy in supposing that affixing an author’s name to a 
binomial at all necessarily shows what the author himself 
meant when he named a species, because it actually shows only 
what the later writer considered and intended the accepted 
name to stand for. 

Up to this point, the synonymy of the ‘matico’ is free from 
error except that Vahl’s binomial should have headed the 
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list and that the name used by Ruiz and Pavon should have 
replaced it in the list of synomymic discards. Unfortunately 
a graver error enters here, because the geographically localized 
‘matico’—which has deeply bullulate-lacunose leaves—was not 
distinguished from a somewhat similar Peruvian pepper with 
smoother leaves that Ruiz and Pavon themselves had named 
Piper granulosum; and either directly or as varieties this and 
several similar forms were made to extend the range of the ampli- 
fied P. angustifolium as far afield as through Brazil to the east 
and Panama and Cuba to the north. 

Fuller and better and more extensive collections now make 
it certain that these outlying forms and the Peruvian P. 
granulosum are not co-specific with Piper elongatum or P. 
angustifolium in the sense intended by Vahl or Ruiz and Pavon, 
and they are very different from P. angustifolium Lam. These 
plants constitute a natural group and resemble P. elongatum 
chiefly in having hooked or strongly curved aments. From one 
another they differ in geographic occurrence, but their morpho- 
logic differentials are not readily stated with positiveness in 
every Case. 

The prototype of these outlying ‘angustifolium’ or ‘elonga- 
tum’ forms is the Jamaican Piper aduncum Linnaeus (1753), 
under which some of them have been put as forms of late years 
and in which all should be included if they represent a single 
species. The next in priority is the Peruvian Piper granulosum 
Ruiz and Pavon (1798), followed successively by the Venezuelan 
P. celtidifolium Kunth (1815), the Mexican P. multinervium 
Martens and Galeotti (1843), and the Caribbean P. subrectt- 
nerve C. de Candolle (1902). 

If these are to be kept apart, as in my present opinion they 
should be, P. granulosum Ruiz and Pavon is limited to the south- 
ern Andes; P. celtidifolium Kunth ranges from the Colombian- 
Venezuelan region through the Isthmus and as far north in 
Central America as Nicaragua; P. multinervium Martens and 
Galeotti continues the series from Salvador to Mexico; and P. 
subrectinerve C. DC. is the Caribbean representative of P. 
aduncum Linnaeus, which, when these are excluded, is confined 
to the Greater Antilles, where it is accompanied by a very 
hairy form, P. Ossanun (C. DC.) Trelease. 
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The vastly diversified countries embracing the extensive 
lowlands east of the Andes also have aduncum-like peppers, 
some of which have received separate names; but none of them 
is capable of affecting the designation of the more boreal forms, 
whether these be kept apart, merged into one, or united in 
part only. 

Still another use of the binomial Piper elongatum presents 
other and different nomenclatorial difficulties. Under the then 
fully sanctioned practice of re-employing in a quite new sense 
a name which had been buried in synonymy, Monsieur de 
Candolle did not hesitate to make use in the Prodromus of this 
discarded name for a Brazilian plant of the palmately nerved 
Enckea group (all of the other ‘elongatum’ forms being 
pinnately nerved Artanthes). 

Though Monsieur de Candolle’s riper study, embodied in a 
‘Piperacearum Clavis’ on which his latest years were spent and 
which was published after his death, was not cast in a form 
specifically showing such facts, he rehabilitates in the ‘Clavis’ 
the true Piper angustifolium (though an error of the indexer 
of the work ascribes the name to Ruiz and Pavon instead of 
Lamarck), and he properly takes up for the ‘matico’ Vahl’s 
name Piper elongatum—though unfortunately in the com- 
plicated sense in which it was understood when called angusti- 
folium in the Prodromus sixty years ago. 

Unfortunately, though his earlier re-employment of elonga- 
tum when the name was supposedly dead is set right in the 
‘Clavis’ by renaming the Brazilian Enckea Piper hexandrum, 
the converse untenable rechristening of Lamarck’s angustt- 
folium as Piper consanguineum (the trivial name adopted from 
Kunth) escaped correction when the ‘Clavis’ was prepared. 
It may be added that the Cayenne component of P. Schlech- 
tendahlianum of the Prodromus is a co-type of Lamarck’s species. 

The purpose of this short negative contribution is not to 
clear up with finality the nomenclature of all of the species 
which at one time or another have been called Piper angusti- 
folium or Piper elongatum, but to present positively the fact 
that neither of these names is applicable to any known pepper 
occurring in the West Indies or on continental North America. 

THE UNIVERSITY OF ILLINOIS 

OcTOBER 21, 1929 
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PER AXEL RYDBERG 
ASTRAGALUS L. 


The genus Astragalus dates back to Linnaeus’ Species 
Plantarum, where the author adopted it from Tournefort and 
other older writers. In fact it dates back to the old Greeks, 
who used the name for some leguminous plant. The historical 
type is probably Astragalus christtanus, but A. Onobrychis L. 
should be regarded as the nomenclatorial type according to the 
American Code. It should therefore be limited to species with a 
two-celled, more or less woody, bony, or leathery, and short and 
sessile pod. These requirements are fulfilled by the sections 
ONOBRYCHIDES, ULIGINOSI, MOLLISSIMI, and CHAETODONTES 
of Gray’s, Watson’s, and Jones’ revisions of the genus. I have 
also included A. lentiformis and A. Lemmonii, though the pod 
is reflexed, rather thin-walled, and acute on both structures, and 
A. Brewert, which Gray placed in the section OROBOIDEI and 
Jones in his Dipymocarp!. In Europe and Asia, the genus, as 
so limited, is represented by numerous species. 


1. MOLLISSIMI 


1. ASTRAGALUS GIGANTEUS S. Wats. was described from 
fruiting specimens collected by Dr. Havard at Fort Davis, 
Texas. Sheldon changed the name to A. ftexensis on account of 
the earlier A. alpinus giganteus. M. E. Jones regards it as the 
same as A. yaquianus S. Wats., and his description applies 
mainly to this. In my mind the identification is not well estab- 
lished, for A. giganteus is described as having 5 to 10 pairs of 
villous-pubescent leaflets and A. yaquianus as having 10-21 
pairs of appressed villous leaflets. The type specimen of the 
former is much more hairy than in A. yaguianus. Jones 
(Rev. Astragalus 234. 1923) makes the following statement: 
‘Pringle’s No. 1218 distributed as a part of the type of yapuianus 
[yaqguianus| is this species.’ This is not quite correct, for the 
latter was wholly based on that number. Jones, notwith- 
standing, proposes a new variety, A. giganteus var. yaquianus, 
based on Watson’s species as to the name, but the description 
applies to the next species. Jones also gives the distribution as 
extending to Guerrero. This is not, as it seems, the state of 
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Guerrero, but the type locality of A. yaquianus on the Yaqui 
River which was near the town of Guerrero, Chihuahua. It is 
related to A. mollissimus, but has better developed stems, 
ochroleucous flowers, nearly straight, abruptly acuminate, 
and broader pod. The following specimens belong to A. 
yaquianus: 


CHIHUAHUA: Upper Yaqui River, Pringle 1218; Madera, Palmer 295. 
New Mexico: Lincoln County, Wooton in 1895; 3423 in 1907, 3960 in 
1908; Plummer 1903; Eggleston 14446, 14452; White Mountains, Wooton 
327; Gray's Peak, Earle & Earle in 1900; Ruidoso Creek, Wooton in 1895; 
Lincoln County, Eggleston 14446.—TExas: Upper Concho, Reverchon 1281; 
Fort Davis, Havard; Ferris & Duncan 2543. 


2. ASTRAGALUS HARTMANII Rydb. See notes under the 
preceding species, from which this differs in the much larger 
flowers and large, thin, and less pubescent leaflets. It is known 
only from the type locality, San Diego Ranch, Chihuahua, 
Hartman 678. 

3. ASTRAGALUS MOLLISSIMUS Torrey was described from 
specimens collected by James on the Platte River. Together 
with the two preceding, it differs from the rest of the species 
of the group by the glabrous pod. Jones made the following 
statement that the pod is ‘inclined to be velvety pubescent when 
young,’ which I think is wholly erroneous. In New Mexico 
the plant is often much smaller than on the plains, with smaller 
leaflets, flowers, and fruit (A. simulans Cockerell}. Such speci- 
mens are: 


New Mexico: Wright 367 ; Las Vegas, Cockerell in 1901; Gray, Skehan 7; 
Roswell, Tinsley, in 1899; Union Co., Standley 6122. —-Texas: Estelline, 
Reverchon 4297. The distribution of the species extends from Nebraska and 
Wyoming to Texas and New Mexico. Jones reported it from Flagstaff, 
Arizona, but I doubt the record. 


4. ASTRAGALUS ORTHANTHUS A. Gray resembles A. yaqut- 
anus and A. Hartmanii in the more or less elongated stem, in 
the large flowers, and the straight banner, but the color of the 
flower is more red, or in one form white, the pod more rounded 
and densely pubescent. 


VERACRUZ: Perote, Halstead (type).—Nuevo Leé6n: Saltillo, Palmer 
2137 (?).—PUEBLA: between Tinguattan and Cerro Leén, Liebman 4683. 
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5. ASTRAGALUS SANGUINEUS Rydb. It is related to A. 
orthanthus, but the plant is merely strigose, and the pod is 
larger and rounded at each end. The pod illustrated by Jones 
as A. orthanthus (Rev. Astragalus pi. 60, fig. 195) belongs to 
this species. 


NvEvo LEOn: Saltillo, in 1880, E. Palmer 243 (U.S. Nat. Herb. 43559). 


6. ASTRAGALUS HuMmBOLDTII A. Gray was based on Phaca 
mollis H. B. K., the type of which came from Gasove, Valley 
of Mexico. Dr. Gray cited only one specimen that he had seen, 
viz. one in the Torrey Herbarium collected by Halstead, near 
the City of Mexico. Humboldt’s specimens according to 
Nova Genera et Species were without fruit, and so is Halstead’s, 
but both the original description of P. mollis and the plate, 
as well as Halstead’s specimen, agree well with the species of 
southern Mexico, that is, with A. Orizabae Seaton, which name 
becomes a synonym. The plant of northern Mexico which has 
gone under the name of A. Humboldti is quite different, and 
was until lately evidently without a published name. To 
A. Humboldtii belong the following specimens. 


Mexico (Federal District and State): Humboldt; Halstead; Pringle 
7137, 11953; Irola, Rose & Hough 4557, in part.—VERACRUz: Orizaba, 
Seaton 262; Mueller in 1855; E. W. Nelson 282.,—PvuEBLA: Arséne 1600; 
7102; Chalchicomula, Pringle 8565; Rose & Hay 5663; Esperanza, Pittier 403 ; 
Purpus 3051—Htipa.co: Pachuca, Purpus 401; Rose, Painter & Rose 8810; 
Tequizquiac, Rose & Painter 6635.—QUERETARO: Between Cadereyta and 
Visaron, Rose, Painter & Rose 9756; Altamirano 1645. 

7. ASTRAGALUS EARLEI Greene. The first reference to this 
species may be found in Biologia Centrali-Americana, where 
Hemsley cites under Astragalus Humboldtti a specimen col- 
lected by Potts in Chihuahua, the true A. Humboldti not being 
found in northern Mexico. The specimens distributed from 
there and so labelled belong mostly to the present species. It 
may be that Jones had derived his concept of A. Humboldtii 
from such specimens as Pringle 883, when he drew his de- 
scription. The species is intermediate between A. Bigelowit 
and A. Humboldtii, perhaps nearer the former, differing in the 
more elongate, more curved pod, with much shorter hairs, the 
corolla also being smaller. As Jones cited no specimens, though 
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he gave a good description of this species, | adopted an unpub- 
lished name of Dr. Greene’s and assign as the type Earle & 
Tracy (or Tracy & Earle!) 226 as the type. Greene has also 
assigned another name to another number of the same collec- 
tion. 

Texas: Limpia Cafion, Earle & Tracy 226 (type, N. Y. Bot. Gard.); 
237 ; 221; 276; Davis Mountains, 331; Ferris & Duncan 2661; Marfa, H. C. 
Hanson 389; Fort Davis, Eggleston 20201.—NeEw Mexico: Las Vegas, 
Anect 40.—CHIHUAHUA: Vicinity of the City, Pringle 189, 883; Palmer 
5, and 78, in 1908; Parras, Palmer 242; Saltillo, Palmer 241. 

8. ASTRAGALUS IROLANUS (M. E. Jones) Rydb. This is 
closely related to the preceding, differing mainly in the acute 
leaflets and the large flowers. 


Hipaoo: Irola, Rose & Hough 4557, in part; (type)—MeExico (State): 


Ixtapalapa, Rose & Hay 5641. 

9. ASTRAGALUS PERVELUTINUS Rydb. The type was dis- 
tributed as A. Humboldti. It is related to it, but the pod is not 
so much inflated, slightly curved and more densely hairy. From 
A. Earle it differs in the broader, less curved pod, and the larger 
flowers, and from both in the short tangled pubescence of the 
leaves, the broader leaflets densely covered with short tangled 
hairs. 

Curnuanua: City of Chihuahua, Pringle 189 (type in herb. N. Y. 
Bot. Gard.)—Duranco: Tepehuanes, Palmer 14. 

10. ASTRAGALUS BIGELOW A. Gray is closely related to A. 
mollissimus, but differs mainly in the densely pubescent, 
broader and shorter, less arcuate fruit. The pubescence is also 
usually looser and the leaflets more round. It isdistributed 
from Texas to Arizona, Durango, and San Luis Potosi. 

11. ASTRAGALUS THOMPSONAE S. Wats. was described from 
specimens collected by Mrs. Thompson in southern Utah and 
named for her. Sheldon changed the name to Astragalus syrtt- 
colus on account of the older A. Thompsonianus Benth. Jones 
regarded it as a variety of A. Bigelowit, but it is readily dis- 
tinguished by the white, short, and more spreading pubescence, 
the lax recemes, and the larger and different pod. It is common 
in eastern and southern Utah; it has also been collected else- 
where, namely: 


1 It has been distributed both ways. 
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Arizona: Deadman Ranger Station, Coconimo County, Eggleston 
17189; Moki Reservation, Hough 56.—Nrw Mexico: Aztec, Baker 405. 
CoLoRADO: Westwater, Jones, in 1891; Mesa County, H. C. Long, in 1893. 
12. ASTRAGALUS MATTHEWsII S. Wats. is related to A. 
Bigelowit and A. Thompsonae, but differs from the former in 
the white pubescence, the larger, less arcuate, more inflated 
and more long-hairy pod, the upper suture of which is almost 
straight, and from the latter in the more appressed pubescence 
and the less curved pod. It is known only from the type col- 
lection, from Fort Wingate, New Mexico, by Dr. Matthews, 
and by Dr. Palmer without locality. 

13. ASTRAGALUS MOGOLLONICUS Greene is also related to 
A. Bigelowii and by Jones regarded as identical with it. The 
type, however, is covered with a long, brown, spreading pubes- 
cence, the raceme is nearly capitate and very dense, the leaflets 
suborbicular and the pod, sent later by Dr. Greene, is very 
small, about 1 cm. long, 5 mm. broad and deep, white-villous, 
scarcely sulcate on either suture and straight on the upper. 
It is known only from the type collection, Mogollon Mountains, 
New Mexico. 

14. ASTRAGALUS MARCIDUS Greene is related to A. Bigelowii 
but the flowers are much smaller, the pod smaller and nearly 
straight on the upper suture. 

Texas: Davis Mountains, Tracy & Earle 319 (type); Marfa, C. B. 
Greene in 1895.—CuHIHUAHUA: San Diego, Hartman 605.—CoanvuILaA: Aqua 
Nueva, Saltillo, Palmer 559. 

15. ASTRAGALUS ANISUS M. E. Jones. This was collected 
near Pueblo, Colorado, by Miss A. P. Lansing in 1888, and 
evidently has never been collected since. It is not closely re- 
lated to the other spieces of the group, differing from the rest 
in the small size, the appressed silky pubescence, the compar- 
atively small flowers, and in the pod, which is more rounded, 
merely mucronate, more inflated, and with short appressed 
pubescence. Only A. Matthewsii approaches it in the pubescence 
of the leaves, and A. Humboldtii in the shape of the pod. In 
the National Herbarium there is a specimen somewhat similar 
without collector’s name. The only original record given is 
‘Camp 82-83 April 28.’ Dr. Gray has written on the label 
‘Apparently Astragalus succumbens Dougl.,’ which evidently is 
wrong. 
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2. ULIGINOSI 

16. ASTRAGALUS CAROLINIANUS L. This species was based 
on a description and plate in Dillenius’ Hortus Elthalmensis. 
Most botanists have regarded this as the same as A. canadensis 
L., and the name has place priority on the page. Dillenius’ 
plate resembles more the common plant here regarded as 
A. canadensis. Appended to his description, however, there 
appeared a comparison between A. carolinianus and another 
species on which Linnaeus based his A. canadensis. The only 
clue on which to base the identification of the latter is given in 
the description of the leaflets, which are said to be subcanescent 
beneath. This could only apply to the northern and more com- 
mon plant, for in the southern plant the leaflets are sparingly 
and minutely strigose beneath. In the figure the calyx teeth are 
illustrated as very short, while in fact they are in A. carolin- 
tanus, as here understood, longer than those of A. canadensis, 
but this may have depended on the inaccuracy of the artist. 
As there are two closely related plants in eastern United States, 
and the northern one has the leaves subcanescent beneath, it 
may be well to retain the name A. canadensis L. for this, and 
reserve the name A. carolinianus L. for the southern. Jones 
regarded the latter a variety of the former, but his description 
of the pod ‘decidedly inflated’ is erroneous, for the pods 
are alike in both species, being oblong, not sulcate, and per- 
fectly glabrous. Perhaps he confused it with Phaca neglecta. 

MARYLAND: Cumberland, Schriver in 1874.—VirGinia: Bushy Mountain, 
Smyth County, Small in 1892; Luray, Steele & Steele 46; Wytheville, Shriver 
in 1874.—WeEstT VirGINIA: Hinton, Millspaugh 1146; White Sulphur Springs, 
A. Brown in 1892.—NortH CaROLina: Table Rock, Heller 32; Great Smoky 
Mountains, Beardslee & Kofoid in 1891; Yellow Hill, Swain Co., and Balsam 


Mountain, Hulst in 1882.—GrorG1a: Tugalo River near its junction with 
Seneca, Gibbs in 1855. 


17. ASTRAGALUS CANADENSIS L. See notes under the pre- 
ceding species. This is the most widely distributed species of 
Astragalus in North America, its range extending from Quebec 
to Hudson Bay, Alberta, Utah, Colorado, Oklahoma, and 
Virginia. There is also a record from Kettle River, British 
Columbia, Macoun 63754 and one from Dallas, Texas, Rever- 
chon. 
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18. AsTRAGALUS HALE: Rydb. The type was collected in 
Louisiana, Dr. Hale 313 (Torrey Herbarium, flowers); also 
at Shreveport, Cocks 3624 (fruit). It is closely related to A. 
carolinianus but has about half as long calyx-teeth, and spread- 
ing fruit. 

19. ASTRAGALUS OREOPHILUS Rydb. The type of this species 
came from Pagosa Spring, Colorado. It is intermediate be- 
tween A. canadensis L. and A. spicatus Nutt., differs from the 
former in the usually broader leaflets, the broader and shorter 
bracts, the flowers more resembling A. spicatus and the plumper 
pod, and from the latter in the glabrous, less coriaceous pod and 
the narrow upper calyx-lobes. 

CoLaRapo: Walsenberg, Shear 4769; Pagosa Springs, Baker 419 (type); 
Trimble Springs near Durango, Baker, Earle, & Tracy 478; Wahatoya Creek, 
Rydberg & Vreeland 5990; Larimer County, Osterhout in 1897; Boulder, 
Tweedy 5154; Fort Collins, Crandall in 1898.—NEw Mexico: Pecos River 
National Forest, Standley 4377; Colfax, 14656, 13861; El Vado, Chama 
River, Eggleston 5988; Chama, Standley 6546. 


20. ASTRAGALUS MorTonr Nutt. The type was collected 
by Wyeth on the sources of the Missouri. In the isotype in 
the Torrey Herbarium the specimen in flower has a decidedly 
black-hairy calyx, and bracts and the ovary is described as 
villous. Nuttall described the flowers as ochroleucous. Torrey 
and Gray placed it among the purple-flowered species, between 
A. adsurgens and A. striatus, not noticing that the relationship 
was to A. canadensis L., and A. spicatus Nutt. Watson made it 
a variety of A. canadensis. Neither Watson nor Jones have 
noticed that A. Mortoni has more or less black-hairy calyx and 
bracts, nor does the latter make any reference to the fact that 
the pod in A. Mortoni is pubescent and sulcate on the lower 
suture. In A. canadensis it is glabrous and without a sulcus. 
Both authors confused it with A. spicatus Nutt., which has 
white-hairy calyx. Whether the color of the hairs is of any 
value is perhaps questionable, but the black-hairy plant seems 
to be limited to the northwest, west of the continental divide, 
while the white hairy form is confined to the Rocky Mountains, 
on the western slope of which their ranges, however, overlap. 
In the white-hairy plant the pod is less turgid, the upper calyx- 
lobes are always twice as broad as the rest, and the bracts 
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broad and short. In the true A. Mortoni, the bracts and even 
the calyx-lobes approach more those of A. canadensis, but are 
shorter, and the pod less hairy and with a straighter beak than 
in the white-hairy plant, and sometimes glabrate in age. It 
is confined to the Pacific slope and widely distributed in Wash- 
ington, Oregon, Idaho, northern California, and western 
Montana. It has been collected east of the Rocky Mountains 
at the following stations. 


Montana: Helena, Butler 104, 1042; Gannet, Mrs. Scheuber in 1901. 
Wyominc: Gros Ventre River, Merrill & Wilcox 994. 


21. ASTRAGALUS PACHYSTACHYS Rydb. This species was 
based on Astragalus spicatus Nutt.; not A. spicatus Pallas. 
See notes under A. Mortoni. Both Watson and Jones included 
this in A. canadensis Mortoni. The type came from the Rocky 
Mountains, most likely Wyoming. Astragalus tristis Nutt., 
which has also been regarded as a synonym of A. Mortont, 
might seem to belong here, as the type locality was ‘Rocky 
Mountains, towards the sources of the Platte,’ hence Wyoming, 
but the calyx is described as being black-hairy. The species is 
unknown to me, as no specimens have been seen. A. pachy- 
stachys is common in the Rocky Mountains of Montana and 
Wyoming, especially east of the divide. Besides, the following 
specimens, found outside of the range proper may be included 
in it. 

IpaHo: Tikura, Blaine County, Nelson & Macbride 1293; Bear Lake 
County, 1617; Blackfoot, Mulford; Lake Waha, Heller 3089; Latah Co., 
Sandberg; Pocatello, Mrs. Soth 544.—WasHINGTON: Vasey 275; Wilson Creek, 
Lake & Hull 667; Simcoe Valley, Lyall; Egbert Spring, Sandberg & Leiberg; 
Brickelton, Suksdorf 2268; Newman Lake, 8803.—British CoLUMBIA: 
Lake Osoyoos, Macoun 70438—NervaApA: East Humboldt Mountains, 


Heller 9204; Watson 261, in part.—Soutu Dakota: Black Hills, Forwood; 
Murdock. 


22. ASTRAGALUS TORREY! Rydb. The plant was first 
collected by Torrey and in the same year by Stretch. The 
latter specimen was named by Torrey as A. adsurgens. So 
were also Kennedy’s specimens. Heller 9465 and 9822 bore the 
name A. nitidus, which practically meant the same. I suppose 
that this misidentification depended on the fact that the leaflets 
are decidedly pubescent on the upper surface. The rest were 
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named A. Mortoni, but the calyx is not black-hairy and the pod 
is more like that of A. pachystachys, of which it may only be a 
form; the leaflets, however, are narrower, the flowers smaller, 
the calyx-lobes shorter, and the bracts and even the stipules 
narrower. 


NEvapDA: Empire City, Nevada, in 1865, Torrey (type, herb. Columbia 
University and N. Y. Bot. Gard.); Ruby Valley near Cave Creek Post Office, 
Heller 9465; Carson City, Jones 3843; Pleasant Valley, Stretch in 1865; 
Lake Tahoe, Kennedy 966; Carson, Steinmetz A.—CALIFORNIA: Lake Tahoe. 
Leiberg 5328 ; Truckee, Sonne in 1888; Mono Lake, Congdon.—IpaAno: Hender- 
son 3298. 


The following may also be referred here, though the leaves are only slightly 
pubescent above when young. 

NevabDa: Carson City, Heller 9822; Baker 1063.—CALIFORNIA: Truckee, 
Heller 7035; Summit, 12904. 


23. ASTRAGALUS OREGANUS Nutt. The type came from the 
‘plains of the Rocky Mountain range towards the sources of 
the Oregon,’ i.e. somewhere in Wyoming or Idaho. The species 
was described from specimens in flowers only, and the plant 
was practically lost. Torrey and Gray placed it near to A. 
flavus, probably on account of its ochroleucous flowers and con- 
nate stipules. Gray retained it in the same place, including it 
in his Ocreati. When it was rediscovered by Parry on the Jones’ 
Expedition to the Yellowstone Park, Gray and Watson did 
not recognize it, but it was redescribed as A. ventorum and 
placed in the section ONOBRYCHIDES, also known as Hypoc- 
LOTTIDES. Jones has transferred it to the ULicrnosi, which 
somewhat improved the matter, but it is not very closely re- 
lated to A. canadensis and its relatives, and perhaps should con- 
stitute a section by itself. The only specimens in fruit seen by 
me are A. Nelson 9427 collected in 1910. 


WyomincG: Tough Creek, Aven Nelson 9427; Steamboat Mountain, 
Sweetwater County, 7051; Point of Rocks, Merrill & Wilcox 731.—IpaAuo or 
WyomInG: Nuttall (type). 


3. HYPOGLOTTIDES 


24. ASTRAGALUS STRIATUS Nutt. This was published in 
Torrey and Gray’s Flora and was based on A. Laxmanni of 
Nuttall’s, Genera, the type of which came from ‘the hills of 
Missouri’, probably South Dakota. A. adsurgens robustior 
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Hooker is also cited as a synonym, though Nuttall, both in the 
Genera and in Torrey & Gray’s Flora, describes the calyx as 
‘blackish and puberulent’ or as ‘clothed with short black hairs,’ 
while Hooker describes his variety as white-pilose, with very 
few black hairs. Hooker called the black-hairy form A. 
adsurgens, confusing it with the Asiatic species. Jones has 
adopted the name A. nitidus Douglas for this species, citing 
Hooker’s Flora (1:149. 1834) as the place of publication, a 
nomenclatorial absurdity, which can not be admitted. For the 
first, A. nitidus Dougl. is not published, merely cited as a syno- 
nym of A. adsurgens robustior, not of A. adsurgens as under- 
stood by Hooker. The citation of a manuscript name as a 
synonym is not publication, either under the American or the 
International Code, and the name was applied by Jones to the 
wrong form. In the Torrey Herbarium there are two sheets 
received from Hooker. One of these sheets is labelled: ‘Astra- 
galus adsurgens, Pall. Ex herb Hook. Saskatchewan, Douglas.’ 
This represents the ordinary small plant having the calyx with 
rather numerous short black hairs. The other sheet bears only 
‘A. adsurgens 8 Hook.’ without any indication of collector or 
locality. This sheet contains two larger specimens on which 
the calyx is almost destitute of black hairs. If this sheet 
represents A. adsurgens 8 Hook., it is an isotype of A. nitidus 
Dougl. It is, however, not exactly A. striatus, for that is the 
more or less black-hairy common form, usually known in this 
country as A. adsurgens. Neither is it A. sulphurescens Rydb., 
nor A. Chandonetii Lunell, which Jones also cited as synonyms 
of the variety. A. striatus Nutt. is so common in the Rocky 
Mountain region that no specimens need to be cited. 

In regard to A. nitidus robustior M. E. Jones (Rev. Astra- 
galus 170. 1923) it may be said, that it is a great mixture of 
facts and errors. It is based on A. adsurgens robustior Hooker 
with A. striatus Nutt., A. sulphurescens Rydb., and A. Chand- 
onnetii Lunell given as synonyms, and the following description: 
‘Flowers white in short heads, on elongated peduncles. Calyx 
teeth long.’ As stated before, A. adsurgens robustior is the basis 
of A. nitidus. A. striatus Nutt. is the same as A. adsurgens 
Hook. or A. nitidus as understood by Jones, but not of Hooker. 
‘Flowers white’ agrees with the description of A. Chandonnettt, 
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scarcely with that of A. sulphurescens, and certainly not with 
either var. robustior Hook. or A. striatus Nutt. ‘Short heads on 
elongated peduncles’ applies to all, at least in flowering stage; 
‘calyx-teeth long’ only to A. sulphurescens. 

Astragalus terminalis Wats. in the original publication was 
said to be related to ‘A. adsurgens,’ i.e. A. striatus Nutt. It 
being at that time practically unknown to me, I included it in 
the HYPOGLOTTIDEs in my Flora of the Rocky Mountains. 
Jones has shown its relationship to his own A. reventoides, 
making the latter a variety of the former. I think that they 
are identical, and that Watson committed an error in describ- 
ing the corolla as purplish, while in reality it is cream-colored 
with the keel purple-tipped. 

25. ASTRAGALUS CHANDONNETII Lunell. This was first 
described as A. adsurgens albiflorus in 1905 by Blankinship 
from Montana. As there is an A. albiflorus Gand. 1902, the 
later name of Lunell’s has to be adopted. A. Chandonnetii 
differs from A. striatus not only in the color of the corolla 
(rather cream-colored than white as described), but also in the 
foliage which is densely silky strigose on both sides. In my 
Flora of the Rocky Mountains it was included in the next 
species. 

Minnesota: McHugh, near Detroit, Chandonneti—MoONTANA: Mount 
Helena, Butler 1080; Mount Ascension, 881, 4079, 1082; Prickly Pear Valley, 
4111; Deer Lodge, Rydberg 2699; Helena, Kelsey in 1892; Belt River, F. W. 
Anderson in 1883; Safford 557.—Wyominc: Gillette, E. V. Wilcox 429; 
Slater, Goodding 1737. 


26. ASTRAGALUS SULPHURESCENS Rydb. was described in 
1901 from specimens from Georgeton, Colorado. It differs 
from A. striatus in the ochroleucous corolla and the longer calyx- 
lobes, and from A. Chandonneti in the longer calyx-lobes, the 
more or less black-hairy calyx and pod, and the glabrous or 
glabrate upper surface of the leaves. It was redescribed the 
following year by Gandoger under the name A. Crandallii. It 
is confined to the mountains of Colorado. 


Co.Lorapo: Along Platte River, Jones 851; Boulder Cafion, Penard 184; 
Boulder, Hanson in 1920; Georgetown, Rydberg in 1895; Shear 4509; Estes 
Park, Osterhout in 1895, and 2806, 1903; Boulder, Tweedy 5152; Vestal in 
1913; Empire, 5641; Como, Crandall 90; Crandall & Cowen 128; Clear Creek, 
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Patterson 18; Eldorado Springs, Clokey 2809; Boulder County, C. P. Smith 
3147; Headwaters of Clear Creek, Hall & Harbor 136.—Wyominc: West of 
Cheyenne, Morris in 1901. 

27. ASTRAGALUS BREVIDENS Rydb. The type was collected 
3 miles north of Whitney, Baker County, Oregon, Febr. 22, 
1921., M. Peck 10360. The specimens were labeled Astragalus 
Mortoni Nutt., to which it has only superficial resemblance. 
It is evidently related to A. Chandonnetii, but differs in the 
broader leaflets, glabrous above, the short-villous instead of 
strigose pubescence on the calyx and pod, and the short calyx- 
teeth. 

28. ASTRAGALUS GONIATUS Nutt. This was apparently 
first collected by Richardson and then certainly by Drummond 
and referred to the European A. hypoglottis. The American 
plant was first recognized as distinct in Torrey & Gray’s 
Flora, where it was published as A. hypoglottis polyspermus 
(T. & G. Fl. N. Am. 1: 328. 1838). On the second page follow- 
ing, it was redescribed as A. goniatus Nutt.; neither Nuttall, 
nor Torrey and Gray noted that they were the same species. 
Jones (Proc. Calif. Acad. II. 5: 646. 1895), adopting the name 
A. agrestis Dougl., made the same error as he did in adopting 
A. nitidus Dougl., in applying Douglas’ manuscript name, 
cited as a synonym under the variety 8, to the species itself. 
A. agrestis in Hooker’s Flora appears only as a synonym and 
therefore was not published. Furthermore A. hypoglottis 
of Hooker’s Flora, of which A. agrestis Dougl. is a synonym, 
is not the plant described by Jones, but a closely related plant 
with pale caylx, practically devoid of black hairs, long calyx- 
teeth, about as long as the tube and larger corollas. Douglas’ 
type, or at least an isotype of the same, was seen by me, when 
visiting Kew and the British Museum in 1901. A. gontatus 
is common in the Rocky Mountain region, extending into 
eastern Washington and Oregon, and in the northern Sierra 
Nevada. The following specimens have been collected on the 
eastern plains. 


NEBRASKA: Gordon, Bates 582.—SoutH Dakota: Sheep Mountains, 
Visher 2391; Brookings, T. A. Williams; Daland, Spink County, Carter in 
1897; Upper Missouri, Nicollet——Norta Dakota: Leeds, Lunell in 1902-6. 

MINNESOTA: Fish Lake, Chandonneti; Fergus Falls, Sheldon in 1892. 
-MANITOBA: Portage la Prairie, Macoun & Herriot 70492. 
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29. ASTRAGALUS VIRGULTULUS Sheldon was described in 
1894 from specimens from Boulder, Colorado, collected by 
Patterson. It was also noted by Prof. Aven Nelson in his First 
Report on the Flora of Wyoming without a name, but was 
distributed as A. hypoglottis ochroleucus. Later it was described 
by Osterhout as A. hypoglottis bracteatus. Jones (Proc. Calif. 
Acad. II. 5: 647. 1895) first stated that ‘A. virgultulus is the 
same as A. agrestis apparently;’ later (Contr. W. Bot. 10: 65. 
1902) as A. agrestis polyspermus M. E. Jones, based on A. 
hypoglottis polyspermus T. & G., and at last (Rev. Astragalus 
171. 1922) the same, adding that it ‘is the form growing un- 
supported by other plants in more exposed places and is ashy- 
puberulent with pods 7 mm. long and short internodes.’ 
Sheldon describes it as having ochroleucous flowers, leaflets 
glabrous above with scattered hairs beneath, calyx-tube 
slightly pubescent with white hairs, calyx-lobes equalling the 
tube in length, and pod 10-12 mm. A. hypoglottis polyspermus 
was described as dwarfish and much branched, somewhat de- 
cumbent, pubescent, calyx longer than the bracts, very hirsute, 
the hairs partly black, the teeth scarcely half as long as the 
tube. As no mention is made of the color of the flower, it is 
presumed that the color was as described under A. hypoglottis 
i.e. bright purple. In the Nuttallian specimens in the Torrey 
Herbarium they evidently had been so in the fresh state. Do 
these descriptions agree? Can any one rely on such statements 
of identification made by Jones? Sheldon did not describe the 
large bracts, noticed by Osterhout, but he described the large 
stipules, which usually accompany the large bracts in this 
species. 

CoLorapo: Boulder, Patterson.— WyominG: Laramie River near Colorado 
Line, Osterhout in 1896 and in 1898; Meadow Creek, A. Nelson 775; Bitter 
Creek, 4783; Elk Mountains 4097. 

30. ASTRAGALUS TARLETONIS Rydberg is also related to 
A. goniatus, but has larger flowers, rather fleshy bracts, and 
long calyx-teeth as A. agrestis, but the calyx is strongly black- 
hairy. The type came from Five Finger Rapids, Yukon. In 
the Torrey Herbarium there is a specimen from artic America 
sent by Dr. Hooker, but.without locality or collector. This 
might have been collected by Richardson. Two specimens 
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similar to that in the Torrey herparium were found at the Phil- 
adelphia Academy. These came through Short’s herbarium and 
are labeled ‘Astragalus Hypoglottis, Frankl. Exp. W. J. 
Hooker, LL. D.’ One of these has been donated to our her- 
barium. Richardon’s specimens, recorded as A. hypoglottis 
came, however, from the Saskatchewan River. Besides these, 
I have seen one from Fifty-mile River, Alaska, collected by 
Jolton in 1899. 

31. ASTRAGALUS AGRESTIS Dougl. As stated above, this 
name appeared first as a synonym under Hooker’s A. hypo- 
glottis, the type of which came from the fertile plains of the 
Red River, Manitoba. See notes under A. goniatus. The plant 
is larger than A. gontatus usually is, with larger corolla, pale 
calyx and long calyx-lobes, and usually longer leaflets. The only 
similar specimens seen are the following. 

MontTANa: St. Ignatius Mission, MacDougal 298 


4. CHAETODONTES 


This group was established by Dr. Gray, and based on 
A. Spalding (originally described as A. Chaetodon Torr.) 
and A. Lyallii A. Gray. Later A. Austinae A. Gray was added. 
Jones in his Astragalus included also A. Brauntoni Parish, 
which, however, is not related to the rest. A. Lyallii, though 
somewhat similar in habit to A. Spaldingit, has a flattened thin- 
walled, reflexed pod, which all indicate its relationship to A. 
lentiformis A. Gray and A. Lemmoni A. Gray; it has also the 
small corolla of these species. 

32. ASTRAGALUS SPALDINGII A. Gray was originally 
described as A. Chaetodon Torr. As that name had already been 
used by Bunge, Gray changed it to the present one. It is fairly 
well understood; its range comprises Washington, Oregon, 
and western Idaho. 

33. ASTRAGALUS AUSTINAE A. Gray was described from 
specimens collected by Lemmon on Mount Stanford (Castle 
Peak), Nevada County, California. It is closely related to 
the preceding but has somewhat the general habit of Hamo- 
sa Andersonit. 


CALIFORNIA: Castle Peak, Leiberg 5297; Jones in 1902; Smiley 480; 
Lemmon 71; Placer County, Sonne 673; also in 1892.—NeEvapa: Mt. Rose, 
Heller 9936. 
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5. LENTIFORMES 


This group is characterized by the small flowers, small, 
thin-walled, elliptic or lanceolate pod, decidedly flattened, with 
the upper suture acute, and the sulcus on the lower suture, 
if any, very narrow. The group is included in Astragalus with 
some hesitation. 

34. ASTRAGALUS LYALLII A. Gray was described from 
specimens collected by Lyall on the Upper Yakima, Washing- 
ton. It has always been associated with A. Spaldingii, but 
I think it is more closely related to A. Lemmont and A. 
lentiformis. See remarks under CHAETODONTES above. 

WASHINGTON: Whited 343; 97; Vasey 274; Upper Yakina, Lyall 8; 
Henderson 2354; Suksdorf 1816;Walla Walla, Wilkes Expedition 543 ; Brandegee 
717; North Branch of the Columbia, Wilkes Expedition 543a; Ellenburg, 
Piper 2683; Elmer 366; Morgan's Ferry, Suksdorf 282; Ainsworth, Tweedy 
6151. —IpanHo: Twin Falls County, Nelson & Macbride 1713; Elmora County, 
1020; Glen’s Ferry, Jones in 1911 (luxuriant form with large fruit; var. 
caricinus M. E. Jones). 


35. ASTRAGALUS LENTIFORMIS A. Gray was described from 
specimens collected by Lemmon in Clover Valley, Sierra 
Nevada. This species is remarkable on account of its thick 
woody caudex, and sparse villous pubescence. Jones referred 
this, as well as the next, to the MicRANTHI. As I have stated 
in another place, Gray’s MICRANTHI was based mainly on 
A. Nuttallii and its relatives, and should properly belong to 
what Jones called LEptocaRpi. Jones’ MICRANTHI consists 
mostly of Mexican species, not closely related to A. lentiformts 
and A. Lemmont. 


CALIFORNIA: Sierra County, Lemmon 50, in part, 73; 537. 


36. ASTRAGALUS LEMMON! A. Gray was also described from 
specimens collected by Lemmon in Sierra County, California, 
and is closely related to the preceding, but has shorter stems. 

CALIFORNIA: Northern California, Webber, Lemmon; Sierra County, 
Eastwood 7791; Lemmon 50, in part, 72, 187; Kanix Reservation, Austin & 
Bruce in 1897 ; Siskiyou County, Greene in 1876; Chat, Jones in 1897.—OREGON: 
Farwell’s Bend, Crook County, Leiberg 454. 

37. ASTRAGALUs Peck Piper. This species is related to 
A. Lemmoni, differing mainly in the lower habit, and smaller 
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acute leaflets. Cusick’s specimens were labelled A. lentiformis 
and probably were included by Jones in that species, as he 
cites specimens from Crook County, Oregon. The species 
is closer to A. Lemmoni than A. lentiformts. 


OrEGON: Crook County, Peck 9768; Cusick 2818. 
6. BREWERIANI 


38. ASTRAGALUS BREWERI A. Gray has no close relative 
in America, nor as far as I can find, in the Old World. The 
plant is annual and has some resemblance to Hamosa tenera 
and its allies, but the pod is different, coriaceous, erect, deeply 
sulcate on the lower suture, and with a stout beak as long as 
the body itself. The fruit resembles that of A. Onobrychis 
L. of Europe, but its general habit does not. Dr. Gray, who 
had no mature fruit, placed it next to A. fener. Jones trans- 
ferred it to the DipyMocarPI, i.e., the genus //esperastragalus 
Heller, with which it has no relationship. 


CALIFORNIA: Tamalpais, Brandegee in 1891; Eastwood 3164; Mendocino 
County, Abrams 7018; Rattan in 1884; Sonoma County, Heller & Brown 
5218 in 1902; Brewer 979 (type); Lake County, J. P. Tracy 1647; Curran in 
1884; Marine County, Brewer 955. 
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Abbott, E. V. Diseases of economic plants in Peru. Phyto- 
pathology 19: 645-656. Jl 1929. 

Ackley, A. B. New species and varieties of Michigan algae. 
Trans. Am. Micros. Soc. 48: 302-309. pl. 35, 36. Jl 1929. 
Includes descriptions of 4 new species and several new varieties. 

Adams, J. A bibliography of Canadian plant geography to the 
end of the year 1920. Trans. Royal Canadian Inst. 17!': 
103-145. 1929. 

Albrecht, W. A., & Davis, F. L. Relation of calcium to the 
nodulation of soybeans on acid and neutral soils. Soil Sci. 
28: 261-274. pl. 1-3. O 1929. 

Allen, R. F. Concerning heterothallism in Puccinia graminis. 
Science II. 70: 308-309. 27 S 1929. 

Andersen, E. N. Morphology of sporophyte of Marchantia 
domingensis. Bot. Gaz. 88: 150-166. f. 1-34. 23 O 1929. 

Andrews, F. M. Bark formation. Proc. Indiana Acad. Sci. 
38: 85-86. 8 D 1928. 

Andrews, F. M. A natural proof that the root tip alone is 
sensitive to the gravitational stimulus. II. Proc. Indiana 
Acad. Sci. 38: 87-89. 8 D 1928. 

Andrews, F. M. Studies on pollen, IV. Proc. Indiana Acad. Sci. 
38: 89-91. 8 D 1928. 

Andrews, F. M. Variations in Erigeron annuus. Proc. Indiana 
Sci. 38: 86-87. 8 D 1928. 

Apostolides, C. A. A leaf spot of sycamore caused by Stigmina 
Platani (Fuckel) Sacc. Phytopathology 19: 667-671. 
f. 1, 2. Jl 1929. 

Arthur, J. C. Proposed amendments to the international rules 
of nomenclature. Science II. 70: 330. 4 O 1929. 


Also published in Mycologia 21: 173-174. 1 May 1929, and in Jour. 
Bot. 67: 258-259. S 1929, 
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Ashby, S. F. Diseases of limes and sugar-cane in the West 
Indies. Kew Bull. Misc. Inf. 1929: 209-214. 1929. 

Avery, P. Chromosome number and morphology in Nicotiana. 
IV. The nature and effects of chromosomal irregularities 
in N. alata var. grandiflora. Univ. California Publ. Bot. 
15: 265-284. f. 1-8. 30S 1929. 

Baldini, F. Contribucién al estudio de la Hetmia salicifolia 
(H.B.K.) Link et Otto y de la Larrea divaricata Cav. 
Univ. Nac. Tucuman Mus. Hist. Nat. 2°: 1-24. pl. 1, 2+ 
f. 1-5. 1929. 

Barnett, H. R. Cacti conserve water carefully. Desert 1°: 
8-9. Jl 1929. 

Barros, M. Ciperdceas Argentinas. I. Género Heleocharis R. 
Br. An. Mus. Nac. Hist. Nat. Buenos Aires 34: 425-496. 
f. 1-31. 1928. 

Beadle, G. W. A gene for supernumerary mitoses during spore 
development in Zea Mays. Science II. 70: 406-407. 25 O 
1929. 

Beattie, R. K. Tdji Nishida. Phytopathology 19: 881-883. 
portrait. O 1929. 

Beck, P. Comparative anatomy of certain hybrid shrubs and 
their parents. Univ. Kansas Sci. Bull. 17: 367-395. pl. 37- 
41. $1927. 

Benedict, R. C. Afield for ferns in Sussex County, New Jersey. 
Am. Fern Jour. 19: 105-108. f.6. S 1929. 

Benedict, R. C. Fern hunting at Branchville (N. J.). Torreya 
29: 108-110. Au 1929. 

Benedict, R. C. Preaching the gospel of science. Science II. 
70: 368-371. 18 O 1929. 

Berry, E. W. Contributions to the Mesozoic flora of the Atlantic 
coastal plain, XI1V—Tennessee. Bull. Torrey Club 48: 
55-72. 18 F 1921; XV. Bull. Torrey Club 55: 441-448. 
pl. 11, 12. 4D 1928. 

Bioletti, F. T. Reminiscences of an amateur botanist. Sci. 
Monthly 29: 333-339. O 1929. 

Blake, S. F. Two Cyperaceae new to the Boston district. 
Rhodora 31: 191-192. 16S 1929. 

Blewitt, A. E. Notes on the flora of Swanton, Vermont. 
Rhodora 31: 166-167. 16S 1929. 











1929] INDEX TO AMERICAN BOTANICAL LITERATURE 557 


Boédeker, F. Coryphantha Roederiana Béd. spec. nova. Monats. 
Deutsch. Kakteen-Gesell. 1: 153-154. illust. Au 1929. 


A plant from Mexico. 


Bédeker, F. Coryphantha Werdermannii Béd. spec. nova. Mo- 
nats. Deutsch. Kakteen-Gesell. 1: 155-157. illust. Au 1929. 


From Mexico. 


Bodeker, F. Mamillaria Ritteriana Béd. sp.n. Monats. Deutsch. 
Kakteen-Gesell. 1: 173-174. illust. S 1929. 


A plant from Mexico. 


Bogusch, E. R. A new Phlox from Texas. Phlox Wilcoxiana sp. 
nov. Torreya 29: 135-136. 240 1929. 

Bowen, R. H. Studies on the structure of plant protoplasm. 
Il. The plastidome and pseudochondriome. Zeitsch. Wiss. 
Biol. Abt. B 9: 1-65. pl. 1-6+f. 1-5. 28 My 1929. 

Bowers, G. A page of palms with notes on the growing of palm 
seed in California. Flor. Exch. 71: 11. dllust. 31 Au 1929. 

Boyce, J. S. Deterioration of wind-thrown timber on the 
Olympic peninsula, Wash. U. S. Dept. Agr. Tech. Bull. 
104: 1-28. pl. 1+f. 1-11. F 1929. 

Bradbury, D. A comparative study of the developing and 
aborting fruits of Prunus cerasus. Am. Jour. Bot. 16: 525- 
542. pl. 51-544+f. 1. “Jl 4S 1929. 

Braun, E. L. Glacial and post-glacial plant migrations indicated 
by relic colonies of southern Ohio. Ecology 9: 284-302. 
f. 1-4. J1 1928. 

Briant, A. K., & Martyn, E. B. Diseases of cover crops. Jour. 
Imp. Coll. Trop. Agr. 6: 258-260. S 1929. 


Describes Colletotrichum curvatum sp. nov. 


Bristol, W. M. The curious Yucca. Jour. Cactus & Succ. Soc. 
Am. 1*: 1-3. illust. O 1929. 

Britton, E. G. Wild plants needing protection. 14. ‘Virginia 
cowslip” or “‘bluebells’’ (Mertensia virginica (L.) DC.). 
Jour. N. Y. Bot. Gard. 30: 209-211. pl. 304+-f. 1. S 1929. 

Brooks, T. J. Plant diseases and pests. Part I. Florida Quart. 
Bull. Dept. Agr. 39°: 1-46. Jl 1929. 

Bryan, M. K. Bacterial canker of tomatoes. U.S. Dept. Agr. 
Circ. 29: 1-7. f. 1-7. Ap 1928. 
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Bryan, M. K. A fruit spot of tomato caused by A planobacter 
michiganense. Phytopathology 19: 690. Jl 1929. 

Bryan, M. K. The relation of moisture to stomatal infection. 
Phytopathology 19: 751. Au 1929. 

Burger, O. F. Red rot of sugar cane. Florida Quart. Bull. 
Dept. Agr. 39%: 248-250. Jl 1929. 

Burger, O. F. Watermelon diseases. Florida Quart. Bull. 
Dept. Agr. 39°: 147-152. Jl 1929. 
Burger, O. F., & Parham, H.C. Peronospora disease of tobacco. 
Florida Quart. Bull. Dep. Agr. 39%: 250-254. Jl 1929. 
Burkart, A. Notas sobre Leguminosas Platenses. Physis 9: 
267-274. 31 D 1928. 

Burkholder, P. R. Microplankton studies of Lake Erie. Bull. 
Buffalo Soc. Nat. Sci. 14: 73-93. allust. 1929. 

Burkholder, W. H., & Hawley, I. M. Diseases, and insect and 
other pests, of the field bean in New York. Revised edi- 
tion. Cornell Agr. Exp. Sta. Bull. 58: 1-40. f. 1-23. Ap 1929. 

Burret, M. Die Palmengattungen Orbignya, Attalea, Scheelea 
und Maximiliana. Notizbl. Bot. Gart. Berlin 10: 493-543. 
f. 9. 30 Mr 1929; 651-701. 10 Jl 1929. 

Burret, M. Lepidocaryum Tessmannii Burret nov. spec. 
Notizbl. Bot. Gart. Berlin 10: 771-772. 10 Jl 1929. 
From east Peru. 

Bush, B. F. The Mexican species of T7i/ia. Am. Midl. Nat. 11: 
543-560. S 1929. 
Nine new species are described. 

Buswell, W. M. Florida myrtles. Am. Bot. 35: 138-143. 
O 1929. 

Cabrera, A. L. Notas sobre compuestas de la flora Platense. 
Physis 9: 261-267. f. 1, 2. 31 D 1928. 

Caldwell, O. W., & committee. John Merle Coulter. Science 
Il. 70: 299-301. 27S 1929. 

Camp A. F., & Mowry, H. The Japanese persimmon in Florida. 
Florida Agr. Exp. Sta. Bull. 205: 527-562. f. 139-160. 
Je 1929. 

Campbell, R. S. A case of phyllody in Yucca elata. Bot. Gaz. 
88: 109: f. 7, 2. 145 1929. 

Carpenter, D. S. Additions to the Vermont flora. Vermont 
Bot. & Bird Club Bull. 12: 25. N 1927. 
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Castellanos, A. Contribuciones a la flora de San Luis. I. Dis- 
tribucién de la palma Trithrinax campestris. An. Mus. 
Hist. Nat. Buenos Aires 34; 38-43. pl. 1-3. 1928. 

Ci{heesman], E. E. Coconut notes. Jour. Imp. Coll. Trop. Agr. 
6: 289-292. O 1929. 

Cheyney, E. G. A study of the roots in a square yard of Jack 
pine forest. Jour. Forestry 27: 546-549. My 1929. 

Childs, L., & Zeller, S. M. Observations on Armillaria root 
rot of orchard trees. Phytopathology 19: 869-873. f. J. 
S 1929. 

Christensen, C. Taxonomic fern studies II. On a small collec- 
tion of ferns from the state of Amazonas, Brasil, made by 
Mr. A. Roman in 1924. Dansk Bot. Ark. 6°: 94-99. 1929. 
Includes description of Polypodium panorense sp. nov. 

Church, G. L. Meiotic phenomena in certain Gramineae I. 
Festuceae, Aveneae, Agrostideae, Chlorideae, and Phala- 
rideae. Bot. Gaz. 87: 608-629. pil. 25-27. 21 Je 1929; 
Il. Paniceae and Andropogoneae. Bot. Gaz. 88: 63-84. 
pl. 4-6. 14S 1929. 

Clark, C. F. A Solanum hybrid resulting from a cross between 
S. Fendlerit and S. chacoense. Jour. Heredity 20: 391-394. 
f. 23. 311929. 

Clark, J. A., Florell, V. H., & Hooker, J. R. Inheritance of 
awnedness, yield, and quality in crosses between Bobs, 
hard Federation, and Propo wheats at Davis, California. 
U.S. Dep. Agr. Tech. Bull. 39: 1-38. f. 1-6. F 1928. 

Clements, F. E. Experimental methods in adaptation and 
morphogeny. Jour. Ecology 17: 356-379. Au 1929. 

Clements, F. E., Weaver, J. E., & Hanson, H. C. Plant com- 
petition. An analysis of community functions. Carnegie 
Inst. Washington Publ. 398: i-xv, 1-340. pl. 1-32+f. 1 
30. 5 1929. 

[Clute, W. N.|] The fern’s place in nature. Am. Nat. 35: 152 
156. O 1929. 

Clute, W. N. The useful plants of the world. i—v, 1-86. Joliet, 
Ill., 1928. 

Coleman, D. A., Rothget, B. E., & Fellows, H. C. Respiration 
of sorghum grains. U.S. Dept. Agr. Tech. Bull. 100: 1-16. 
f. 1-3. N 1928. 
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Collins, J. L., Hollingshead, L., & Avery, P. Interspecific 
hybrids in Crepis. III. Constant fertile forms containing 
chromosomes derived from two species. Genetics 14: 
305-320. f. 1-5. My 1929. 

Colén, I. A. La Planta, el aire y el suelo (Breve resejfia histérica 
de las teorias sobre la nutricién vegetal). Rev. Agr. 
Puerto Rico 23: 6—9, 42-43. illust. Jl 1929. 

Conard, H. S., & Galligar, G. C. Third survey of a Long Island 
salt marsh. Ecology 10: 326—336. ailust. Jl 1929. 

Cook, M. T. Franklin Sumner Earle. Rev. Agr. Puerto Rico 
23: 4. Jl 1929. , 

Copeland, E. B. The oriental genera of Polypodiaceae. Univ. 
California Publ. Bot. 16: 45-128. 4S 1929. 

Cratty, R. I. The immigrant flora of Iowa. Iowa State Col. 
Jour. Sci. 3: 247-269. Ap 1929. 

Crist, J. W., & Dye, M. The association of vitamin A with 
greenness in plant tissue. II. The vitamin A content of 
Asparagus. Jour. Biol. Chem. 81: 525-532. f. J-3. Mr 
1929. 

Crosby, Mrs. S. V. R. New England’s wild flowers. Nature 
Mag. 13: 308-310, 343-344. illust. My 1929. 

Crues, W. V., & Fong, W. Y. The effect of pH value and hydro- 
gen peroxide concentration on fruit oxidase acidity. Plant 
Physiology 4: 363-366. Jl 1929. 

Curran, H. M. The lands of Loba, Colombia. Trop. Woods 
19: 11-38. 1S 1929. 

Darrow, G. M. Inflorescence types of strawberry varieties. 
Am. Jour. Bot. 16: 571-585. f. 1-6. 24 O 1929. 

Daubenmire, R. F. Tufa deposits at Clifty Falls State Park. 
Proc. Indiana Acad. Sci. 38: 123-125. f. J. 8 D 1928. 

- Davis, R. L. Cruces con variedades de Java y Barbados en 
Puerto Rico. Rev. Agr. Puerto Rico 23: 5. illust. Jl 
1929. 

Deuber, C. G., & Bowen, P. R. Chemical treatment to shorten 
the rest period of sugar maple trees. Science II. 70: 102. 
J1 1929. 

Dickson, J. G., & Mains, E. B. Scab of wheat and barley and 
its control. U. S. Dep. Agr. Farm. Bull. 1599: 1-17. 
f. 1-16. S 1929. 
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Diehl, W. W., & Cash, E. K. The taxonomy of Peziza quernea. 
Mycologia 21: 243-248. pl. 21+f. 1, 2. 1S 1929. 


Describes Godroniopsis gen. nov. 


Dixon, H. N. On a small collection of mosses from the Seychel- 
les. Ann. Bryol. 2: 5-9. 1929. 

Dobbin, F. Studying botany on Mount Washington. Vermont 
Bot. & Bird Club Bull. 12: 29-30. N 1927. 

Dodge, B. O. Segregations observed in breeding the Monilia 
bread molds. Science II. 70: 222. 30 Au 1929. 

Domin, K. New ferns from tropical America and the West 
Indies. Kew Bull. Misc. Inf. 1929: 215-222. 1929. 

Describes new species in Hemitelia (3), Alsophila (3), Diplazium (1), 
Dryopteris (1), and Pityrogramma (2). 

Dowding, E. S. The vegetation of Alberta. III. The sandhill 
areas of central Alberta with particular reference to the 
ecology of Arceuthobium americanum Nutt. Jour. Ecology 
17: 82-105. pl. 8-13+f. 1-3. F 1929. 

Dufrenoy, J. The chestnut disease in France. Jour. Forestry 
27: 595-596. My 1929. 

Dufrenoy, J. Le Phomopsis Citri Fawcett. An. Crypt. Exot. 
1: 349-352. pl. 1. D 1928. 

Dufrenoy, J. Récents travaux relatifs au Glomerella cingulata 
(Stonem) Spaulding et von Schr. et 4 sa forme conidienne: 
Colletotrichum gloeosporioides. An. Crypt. Exot. 2: 82- 
84. f. 1. Mr 1929. 

Dufrenoy, J. Trois maladies des Citrus de Floride. An. Crypt. 
Exot. 2: 79-81. f. 1. Mr 1929. 

Dutton, D. L. Listera australis in Vermont. Vermont Bot. 
& Bird Club Bull. 12: 43-44. N 1927. 

East, E. M. Self-sterility. Bibliog. Genetica 5: 331-370. 1929. 

East, E. M., & Yarnell, S. H. Studies on self-sterility. VIII. 
Self-sterility allelomorphs. Genetics 14: 455-487. S 1929. 

Eastwood, A. The Escallonias in Golden Gate Park, San 
Francisco, California with descriptions of new species. 
Proc. California Acad. Sci. IV. 18: 385-391. 6 S 1929. 

Eastwood, A. Studies in the flora of lower California and 
adjacent islands. Proc. California Acad. Sci. IV. 18: 
393-484. pl. 33,34. 6S 1929. 
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Eaton, F. M., & Belden, G. O. Leaf temperatures of cotton 
and their relation to transpiration, varietal differences, 
and yield. U.S. Dep. Agr. Tech. Bull. 91: 1-39. f. 1-10. 
Ja 1929. 

Eddins, A. H. Pathogenicity and cultural behavior of Ustilago 
Zeae (Beckm.) Ung. from different localities. Phyto- 
pathology 19: 885-916. f. 1-7. O 1929. 

Elliott, C. Chile and the Andes. VII. Gard. Chron. 84: 69. 
f. 30. 28 J1 1928; VIII. 85: 224. f. 110-111. 23 Mr 1929; 
IX. 262-263. f. 133, 134. 6 Ap 1929; X. 294-295. f. 
150-152. 20 Ap 1929; XI. 346. f. 173, 174. 11 My 1929: 
XII. 445-446. 15 Je 1929. 

Emerson, R. A. The frequency of somatic mutation in varie- 
gated pericarp of maize. Genetics 14: 488-511. S 1929. 

Englis, D. T., & Gerber, L. A study of diastase activity in 
plants: the effect of phosphates in the soil media. Soil 
Sci. 28: 221-223. S 1929. 

Everett, T. H. Some plants of special interest. Gard. Chron. 
Am. 33: 337. D 1928. 

Farlow, W. G. Icones Farlowiana. Illustrations of the larger 
fungi of eastern North America. Descriptive text by E. A. 
Burt. i-x, 1-120. pl. 1-103. Farlow Library, Harvard 
Univ., 1929. 

Felippone, F. Contribution 4 la flore mycologique de |’Uruguay. 
An. Crypt. Exot. 1: 338-348. pl. 8. D 1928. 

Fernald, M. L. Achillea siberica in eastern America. Rhodora 
31: 219-220. 23 O 1929. 

Fernald, M. L. The author of Athyrium alpestre. Rhodora 31: 
165-166. 165 1929. 

Fernald, M. L. Menyanthes trifoliata, var. minor. Rhodora 
31: 195-198. 23 O 1929. 

Fisher, R. B. Flora of McKinley Park, Alaska. Vermont Bot. 
& Bird Club Bull. 12: 32-33. N 1927. 

Forbes, S. A. The biological survey of a river system—its 
objects, methods and results. Illinois Nat. Hist. Surv. 
Bull. 17: 277-284. Mr 1928. 

Foster, A. S. Investigations on the morphology and com- 
parative history of development of foliar organs. I. The 
foliage leaves and cataphyllary structures in the horse- 
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chestnut (Aesculus Hippocastanum L.) Am. Jour. Bot. 
16: 441-474. “Je” 18 Jl 1929; 475-501. pl. 40-50. “JI” 
4S 1929. 

Frenguelli, J. Diatomeas del océano Atlantico. Frente a mar 
del Plata (Republica Argentina). An. Mus. Nac. Hist. 
Nat. Buenos Aires 34: 497-572. pl. 1-21. 1928. 

Fulling, E. H. Decorative mixed coniferous-evergreen collec- 
tions in the New York Botanical Garden. Jour. N. Y. Bot. 
Gard. 30: 212-228. f. 2-5. S 1929; 244-261. f. 36. O 
1929. 

Fulling, E. H. A guide to the Pinetum. Bull. N. Y. Bot. Gard. 
14: 1-165. f. 1-19. 30 Au 1929. 

Gardner, M. W. Indiana plant diseases, 1927. Proc. Indiana 
Acad. Sci. 38: 143-157. f. 1-5. 8D 1928. 

Gerhardt, F. Effect of acid and alkaline hydrolysis on the 
estimation of hemicellulose and associated groups in 
young apple wood. Plant Physiology 4: 373-383. Jl 


1929. 
Giddings, N. J., Allard, H. A.. & Hite, B. H. Inactivation of 
the tobacco-mosaic virus by high pressures. Phyto- 


pathology 19: 749-750. Au 1929. 

Gleason, H. A. The genus Monochaetum in North America. 
Am. Jour. Bot. 16: 586-594. 240 1929. 
Four new species and several new forms are described. 

Gleason, H. A. The genus Monochaetum in South America. 
Am. Jour. Bot. 16: 502-522. ‘Jl’ 4S 1929. 
Eight new species and two new varieties are described. 

Gleason, H. A. Two undescribed species of Hypericum from 
South America. Torreya 29: 137-138. 24 O 1929. 


H. andinum and H. punense, spp. nov. 


Godfrey, G. H. A destructive root disease of pineapples and 
other plants due to Tylenchus brachyurus, n. sp. Phyto- 
pathology 19: 611-629. pl. 15+f. 1-10. Jl 1929. 

Graves, A. H. The cause of the persistent development of 
basal shoots from blighted chesnut trees. Phytopathology 
16: 615-621. f. 1. S 1926. 

Graves, E. W. Collecting in the mountains of Colorado. Am. 
Fern Jour. 19: 95-99. S 1929. 
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Greene, H. C. Myxomycetes of western Washington. Mycolo- 
gia 21: 261-273. 1S 1929. 

Gustafson, F. G. Growth studies on frui:s. Respiration of 
tomato plants. Plant Physiology 4: 349-356. f. 1-3. Jl 
1929. 

Gustafson, F.G. Notes on the determination of the hydrogen 
ion concentration of soils. Ecology 9: 360-363. Jl 1928. 

Haas, A. R. C. Effect of nitrate salts upon growth and com- 
position of tobacco leaves. Bot. Gaz. 88: 96-102. f. J. 
148 1929. 

Haas, A. R. C. Toxic effect of boron on fruit trees. Bot. Gaz. 
88: 113-131. f. 1-13. 23 O 1929. 

Hagelstein, R. New Mycetozoa from Long Island. Mycologia 
21: 297-299. pl. 26. 1S 1929. 

Cribraria laxa and Comatricha Rispaudii, spp. nov. 

Hamel, G. Contributions 4 la flore algologique des Antilles. 
An. Crypt. Exot. 2: 53-58. f. 1. Mr 1929. 

Hanna, W. F. Nuclear association in the aecium of Puccinia 
graminis. Nature 124: 267. 17 Au 1929. 

Hansen, A. A. Beware these! Common plants that poison 
the careless. Nature Mag. 14: 16—18. illust. J1 1929. 

Hansen, H. N. Etiology of the pink-root disease of onions. 
Phytopathology 19: 691-704. f. 1-5. Au 1929. 

Hanson, H. C. Intensity of grazing in relation to proximity 
to isolation transects. Ecology 10: 343-346. f. J, 2. 
Ji 1929. 

Harland, S.C. The genetics of cotton. Part III. The inheri- 
tance of corolla colour in New World cottons. Jour. Genetics 
21: 95-111. pl. 10. 29 Ap 1929. 

Harper, R. M. Two undescribed types of rock outcrop vegeta- 
tion in Georgia. Torreya 29: 125-130. O 1929. 

Harshberger, J. W. Preliminary notes on American snow 
patches and their plants. Ecology 10: 275-281. pl. 7, 
&. Jl 1929. 

Harter, L. L., & Weimer, J. L. A monographic study of sweet- 
potato diseases and their control. U.S. Dept. Agr. Tech. 
Bull. 99: 1-117. pl. 1-26+f. 1-24. Ap 1929. 

Harter, L. L., & Whitney, W. A. Masking of sweet-potato 
mosaic. Phytopathology 19: 933-942. f. I-3. O 1929. 











1929] INDEX TO AMERICAN BOTANICAL LITERATURE 565 


Hartman, H. Hybrids between Pyrus malus and Pyrus fusca. 
Jour. Heredity 7%: 379-380. f. 15-17. Au 1929. 

Harvey, E. M. .° observations on the microchemical 
demonstration vc.  hloridzin. Plant Physiology 4: 357- 
361. f. 1-3. J11929. 

Haupt, A. W. Studies in Californian Hepaticae. II. Fossom- 
bronia longiseta. Bot. Gaz. 88: 103-108. pl. 7. 14 S 1929. 

Hein, I. An experimental mushroom house. Torreya 29: 131 
132. allust. O 1929. 

Henry, A. W., & Foster, W. R. Lepiosphaeria foot-rot of wheat 
in Alberta. Phytopathology 19: 689-690. Jl 1929. 

Hicks, G. C. Cytological studies in Cyperus, Eleocharis, Du- 
lichium, and Eriophorum. Bot. Gaz. 88: 132-149. pl. 
&, 9. 23 O 1929. 

Hill, A. W. Index kewensis plantarum phanerogamum. Suppl. 
7: 1-260. 1929. 

Hoak, C. M. The lilies of the desert. Desert 1: 52-63. illust. 
S 1929. 

Hodgson, B. E. The host plants of the European corn borer 
in New England. U.S. Dep. Agr. Tech. Bull. 77: 1-63. 
f. 1-34. N 1928. 

Hollingshead, L. Chromosome number and morphology in 
Nicotiana. I11. The somatic chromosomes of N. longiflora 
Cav. Univ. California Publ. Bot. 11: 257-264. f. I-J. 
5 Au 1929. 

Holm, T. Morphology of North American species of Polygala. 
Bot. Gaz. 88: 167-185. f. 1-42. 230 1929. 

Horr, W. H. Some studies on the structure and behavior during 
germination of Gymnocladus canadensis Lam. Univ. Kansas 
Sci. Bull. 17: 331-364. pl. 29-36. S 1927. 

Houghton, A. D. The genus Pereskiopsis. Jour. Cactus & 
Succ. Soc. Am. 1*: 11-12. S 1929. 

Houghton, A. D. Genus Pterocactus Schumann. Jour. Cactus 
& Succ. Soc. Am. 1*: 4-5. allust. O 1929. 

Howell, J. T. A systematic study of the genus Lessingia Cham. 
Univ. California Publ. Bot. 16: 1-44. f. 1-70. 5 Au 1929. 

Huber, J. A. Bliiten-und Samenentwicklung der Kakteen und 
ihre Bedeutung fiir deren systematische Stellung. Monats. 
Deutsch. Kakteen-Gesell. 1: 175-190. pl. 1-3. S 1929. 
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Hubert, E. E. A butt-rot of balsam fir caused by Polyporus 
balsameus Pk. Phytopathology 19: 725-732. f. J-3. 
Au 1929. ; 

Hubert, E. E. A root and butt-rot of conifers caused by Poly- 
porus circinatus Fr. Phytopathology 19: 745-747. Au 
1929. 

Hunt, W. R. Collections of rusts made in New York State. 
Mycologia 21: 288-291. 1S 1929. 

Hurd-Karrer, A. M. Relation of leaf acidity to vigor in wheat 
grown at different temperatures. Jour. Agr. Res. 39: 
341-350. f. 1, 2. 1S 1929. 

Hurd-Karrer, A. M., & Taylor, J. W. The water content of 
wheat leaves at flowering time. Plant Physiology 4: 
393-397. f. 1. J11929. 

Hutchinson, W. G. Studies on the mycelium of Cronartium 
Com ptoniae Arthur on Pinus sylvestris L. Phytopathology 
19: 741-744. f. 7. Au 1929. 

Ingram, D. Oregon’s own Primula. Better Flowers 1929: 7. 
tllust. Au 1929. 

Janssen, G. The relationship of organic root reserves and other 
factors to the permanency of alfalfa stands. Jour. Am. 
Soc. Agron. 21: 895-911. f. 1-9. S$ 1929. 

Janssonius, H. H. A contribution to the natural classification 
of the Euphorbiaceae. Trop. Woods 19: 8-10. 1S 1929. 

Johansen, D. A. New chromosome numbers in the Onagraceae. 
Am. Jour. Bot. 16: 595-597. 24.0 1929. 

Johnson, M. A. The pericycle in the root of Equisetum. Proc. 
Indiana Acad. Sci. 38: 137-138. 8 D 1928. 

Johnson, D. S. Development of antheridium and spermato- 
zoid in Plagiochila adiantoides Lindb. (Swartz) Bot. Gaz. 
88: 38-62. pl. 1-3+f. 1-4. 14S 1929. 

Johnson, D. S., & Skutch, A. F. Littoral vegetation on a head- 
land of Mt. Desert Island, Maine. II. Tide-pools and the 
environment and classification of submersible plant com- 
munities. Ecology 9: 307-338. pl. 16, 17. J1 1928. 

Johnston, I. M. Papers on the flora of northern Chile. Contr. 
Gray Herb. Harvard Univ. 85: 1-172. pl. 1, 2. 10 Au 
1929. 


Includes descriptions of 56 new species and many new combinations and 
varieties. 
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Johnston,I. M. Some undescribed species from Peru. Contr. 
Gray Herb. Harvard Univ. 85: 172-180. 10 Au 1929. 
Ten new species in various genera are described. 

Jones, F. R., & Weimer, J. L. Bacterial wilt and winter injury 
of alfalfa. U.S. Dep. Agr. Circ. 39: 1-8. f. 1, 2. Jl 1928. 

Jones, J. W. Distribution of anthocyan pigments in rice 
varieties. Jour. Am. Soc. Agron. 21: 867-875. S 1929. 

Klotz, L. J. The enzymes of Pythiacystis citrophthora Sm. & 
Sm. Hilgardia 3: 27-40. O 1927. 

Knight, H., Chamberlain, J. C., & Samuels, C. D. On some 
limiting factors in the use of saturated petroleum oils as 
insecticides. Plant Physiology 4: 299-321. f. 1, 2. Jl 
1929. 

Knowlton, C. H. Ferns and their allies in Washington County, 
Maine. Am. Fern. Jour. 19: 82-87. S 1929. 

Kranzlin, F. Ein neues Catasetum: C. stenochilum. Repert. 
Spec. Nov. 26: 255-256. 20S 1929. 

A plant from Brazil. 

Kranzlin, F. Ein neues Oncidium aus Bolivia. Repert. Spec. 
Nov. 26: 344. 20S 1929. 

Oncidium reductum sp. nov. 

Kranzlin, F. Eine vergessene Orchidee. Repert. Spec. Nov. 
26: 255. pl. 78. 20S 1929. 

A plant from Guatemala. 

Krebs, C. Again, the highbush cranberry. Am. Bot. 35: 135- 
137. allust. O 1929. 

Kufferath, H. Algues et Protistes muscicoles corticoles et 
terrestres récoltes sur la montagne de Barba (Costa Rica). 
An. Crypt. Exot. 2: 23-52. f. 1-32. Mr 1929. 

Kiikenthal, G. Cyperaceae novae vel criticae. VIII. Repert. 
Spec. Nov. 26: 249-254. 20S 1929. 

Describes Pleurostachys Buchtienti sp. nov. from Bolivia. 

Kulkarni, C. G. Meiosis in the sporocytes of two mutations 
of Oenothera pratincola and their hybrids. Am. Jour. Bot. 
16: 606-620. pl. 58-61. 24 O 1929. 

Lackey, C. F. Attenuation of curly-top virus by resistant sugar 
beets which are symptomless carriers. Phytopathology 
19; 975-977. O 1929, 
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Leach, J. G. The effect of grafting on resistance and sus- 
ceptibility of beans to Colletotrichum Lindemuthianum. 
Phytopathology 19: 875-877. f. 1. S 1929. 

Leon, H. Elogio de Charles Fuller Baker (1872-1927). 1-28. 
portratt. Acad. Cien. Med. Fis. & Nat. Habana, 22 Je 1928. 

Leonian, L. H. Studies on the variability and dissociations in 
the genus Fusarium. Phytopathology 19: 753-868. pl. 
16-33. S 1929. 

Leonian, L. H., & Geer, H. L. Comparative value of the size 
of Phytophthora sporangia obtained under standard con- 
ditions. Jour. Agr. Res. 39: 293-311. 15 Au 1929. 

Linder, D. H. A monograph of the helicosporous fungi im- 
perfecti. Ann. Missouri Bot. Gard. 16: 227-388. pl. 
12-314+f. 1-16. $1929. 


Describes 21 new species in various genera and many new combinations. 


Link, G. K. K. Reproduction in thallophytes with special 
reference to fungi. Bot. Gaz. 88: 1-37. 14S 1929. 

Lipski, W. H. North America and its botanical gardens I. 
New York Botanical Garden. 1-180. pi]. 1-5. Petrograd, 
1915. 

Livingston, B. E., & Haasis, F. W. The measurement of 
evaporation in freezing weather. Jour. Ecology 17: 315- 
328. pl. 24. Au 1929. 

Lockwood, L. B. Peridia of Crucibulum vulgare. Proc. Indiana 
Acad. Sci. 38: 105-107. f. 1, 2. 8 D 1928. 

Lownes, A. E. Andropogon glomeratus in Rhode Island. Rho- 
dora 31: 198. 23 O 1929. 

Lutman, B. F. Microbiology. i-x, 1-495. f. 1-211. New York, 
McGraw-Hill Book Co., 1929. 

Macbride, J. F. Cornus, a genus new to South America. Trop. 
Woods 19: 4-5. 1S 1929. 


Cornus peruviana and C. boliviana, spp. nov. 


MacCaskill, A. Wilson’s Promontory, Victoria National Park. 
Am. Fern. Jour. 19: 104-105. S 1929. 

McDougall, W. B., & Penfound, W. T. Ecological anatomy of 
some deciduous forest plants. Ecology 9: 349-353. pl. 
19. J1 1928. 
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Machacek, J. E. The black mold of onions, caused by Asper- 
gillus niger v. Tiegh. Phytopathology 19: 733-739. f. 
I—4. Au 1929. 

Mackenzie, K. K. Aira spicata L. Rhodora 31: 194-195. 
23 O 1929. 

MacKinney, A. L. Effects of forest litter on soil temperature 
and soil freezing in autumn and winter. Ecology 10: 
312-321. f. 1-3. J11929. 

McLaughlin, L., & Haber, E. S. The relation of vitamin A 
content to size of leaves. Jour. Biol. Chem. 94: 249-256. 
O 1929. 

McLean, R. R. Hosts of the Mediterranean fruit fly in Florida. 
Mo. Bull. Dep. Agr. California 18: 413-417. Jl 1929. 
Magnusson, A. H. The yellow species of Acarospora in North 
America. Mycologia 21: 249-260. 1S 1929. 

Eight new species are described. 

Mains, E. B. Observations concerning diseases of Jris and 
tulips. Proc. Indiana Acad. Sci. 38: 93-102. f. I-11. 
8 D 1928. 

Markgraf, F. Blakea Schultzei Mgf. nov. spec. Notizbl. Bot. 
Gart. Berlin 10: 770. 10 Jl 1929. 

A plant from Colombia. 

Martin, G. H. Polymorphism of Leptosphaeria coniothyrium 
(Fckl.) Sacc. Phytopathology 19: 879. S 1929. 

Martin, G. W., & Nelson, T. C. Swarming of Dinoflagellates 
in Delaware Bay, New Jersey. Bot. Gaz. 88: 218-224. 
f. 1-4. 23 O 1929. 

Mattfeld, J. Eine Baumférmige Espeletia aus der Sierra Nevada 
de Santa Marta. Notizbl. Bot. Gart. Berlin 10: 702-705. 
f. 10. 10 J1 1929. 

Mattfeld, J. Stilpnopappus Pickelii nov. spec. (Compositae). 
Notizbl. Bot. Gart. Berlin 10: 774-775. 10 Jl 1929. 

A plant from Brazil. 

Mattfeld, J. Tafalla leptothamna nov. spec. (Compositae). 

Notizbl. Bot. Gart. Berlin 10: 775-776. 10 Jl 1929. 


A plant from Peru. 


Mattfeld, J. Zafalla scolopendra (Hook.) Mattf. comb. nov. 
Notizbl. Bot. Gart. Berlin 10: 776. 10 J1 1929. 
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Meier, F. E. Recherches expérimentales sur la formation 
de la carotine chez les algues vertes unicellulaires et sur 
la production de la gelée chez un Stichococcus (S. messen- 
teroides). 1-42. pl. 1. Thése No. 860, Université de Genéve, 
Institute de Botanique. Genéve, 1929. 

Meier, F. E. (with R. Chodat). Sur les conditions de la forma- 
tion de la carotine chez les algues en culture pure. Compte 
Rendu Soc. Phys. & Hist. Nat. Genéve 44: 107-110. 
1927. 


Merrill, E. D. A new Philippine species of Chloris. Philippine: 


Jour. Sci. 40: 181-182. 0 1929. 
Chloris Clementis sp. nov. 

Molfino, J. F. Adiciones a la flora fanerogamica adventicia de 
la Argentina. An. Mus. Nac. Hist. Nat. Buenos Aires 
34: 89-119. pl. 1-10. 1928. 

Monteith, J. Jr. Clover anthracnose caused by Colletotrichum 
Trifolit. U.S. Dep. Agr. Tech. Bull. 28: 1-26. pl. 1-7 +f. 
I—4. F 1928. 

{[Moore, G. T.] The early history of the dahlia. Missouri 
Bot. Gard. Bull. 17: 101-111. pl. 14-16. S 1929. 

Morgan, E. D. A new station for Aspidium filix-mas. Vermont 
Bot. & Bird Club Bull. 12: 25. N 1927. 

Morgan, W. P. A new variety of Freesia. Jour. Heredity 20: 
357-358. f. 2,3. Au 1929. 

Neal, D. C. The occurrence of viable cotton root-rot sclerotia 
in nature. Science II. 70: 409-410. 25 O 1929. 

Neff, I. J. Stamens in blackberry lily. Am. Bot. 35: 174. 
O 1929. 

Nichols, G. E. Plant ecology. Ecology 9: 267-270. Jl 1928. 

Nickerson, G. P. Cereus Engelmanii nature’s miracle. Desert 
1: 5. allust. My 1929. 

Nickerson, G. P. Opuntia acanthocarpa. Desert 1: 55. ailust. 
S 1929. 

Nickerson, G. P. Opuntia Bigelovii. Desert 1: 44, 48. allust. 
Au 1929. 

Nickerson, G. P. Opuntia ramosissima of Cylindropuntia 
family. Desert 1°: 5—6. allust. Jl 1929. 

Nickerson, G. P. Platyopuntia, Tuna, Nopal, prickly pear, 
Indian fig. Desert 1: 70-71. O 1929. 





P 
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Nicolas, J. H. The carnation rose. An unusual teratologic 
variation. Jour. Heredity 20: 389-390. f. 22. J1 1929. 
Niedenzu, F. Malpighiaceae novae. Repert. Spec. Nov. 26: 

345-347. 20S 1929. 
Includes descriptions of 3 new species from South America. 

Nieuwland, J. A., & Slavin, A. D. Preservation of Monotropa 
and similar plants without discoloration. Proc. Indiana 
Acad. Sci. 38: 103-104. 8 D 1928. 

Osterhout, W. J. V., & Harris, E. S. Note on the nature of 
current of injury in tissues. Jour. Gen. Physiol. 13: 47— 
56. f. 1-15. 20S 1929. 

Overholts, L. O. Mycological notes for 1926-27. Mycologia 
21: 274-287. pl. 22-25. 18 1929. 

Cortictum Pruni and Hypochnus pennsylvanicus, spp. nov. are described. 

Palmer, C. M. Algae of Indiana—a classified check list of 
those published between 1875 and 1928. Proc. Indiana 
Acad. Sci. 38: 109-121. 8 D 1928. 

Palmer, R. C. Teratologic forms of Trillium ovatum and Tril- 
lium petiolatum. State Coll. Washington Res. Stud. 1: 
76-83. pl. 4. “My” 19 Au 1929. 

Parodi, L. R. Sinopsis de las Gramineas Argentinas del genero 
Muhlenbergia. Physis 9: 205-222. allust. 31 D 1928. 

Parodi, L. R. Una nueva especie de Graminea de la flora 
Argentina. Physis 9: 256~259. illust. 31 D 1928. 

Trichloris Lilloi sp. nov. 

Patel, M. K. Biological studies of Pseudomonas tumefaciens 
Sm. & Town. and fifteen related non-pathogenic organisms. 
lowa State Coll. Jour. Sci. 3: 271-298. Ap 1929. 

Peltier, G. L. Some aspects of the spread of stem rust. Zen- 
tralb. Bakt. 2 Abt. 78: 525-535. 10S 1929. 

Peltier, G. L., & Thiel, A. F. Stem rust in Nebraska. Nebraska 
Agr. Exp. Sta. Res. Bull. 42: 1-40. f. 1-11. Je 1927. 

Pfeiffer, H. Decas Cyperacearum criticarum vel emendatarum 
I. Repert. Spec. Nov. 26: 256-263. 20S 1929. 

Pittier, H. Botanical notes on, and descriptions of, new and 
old species of Venezuelan plants. II. Old and new species 
of Euphorbiaceae. Jour. Washington Acad. Sci. 19: 
351-357. 40 1929. 


Ten new species are described. ” 
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Porter, C. L., & Bockstahler, H. W. Concerning the reaction 
of certain fungi to various wave lengths of light. Proc. 
Indiana Acad. Sci. 38: 133-135. 8 D 1928. 

Porter, C. L., & Woollett, M. L. Minor successions from the 
Cladonia mat in sandy upland soil in northern Michigan. 
Torreya 29: 133-134. O 1929. 

Porter, R. H., Yu, T. F.. & Chen, H. K. The response of hulless 
barley to seed treatment for covered smut and stripe 
disease. Phytopathology 19: 657-666. Jl 1929. 

Pridde, C. N. El pokkah-bong y el cogollo retorcido de la cafia 
de azucar en Cuba. Rev. Agr. Puerto Rico 13: 60-69, 
94-95. f. 1-11, tllust. Au 1929. 

Pugsley, F. W. Woodwardia areolaia, the traveling fern. Am. 
Fern Jour. 19: 88-91. f. 5. S 1929. 

Rea, C., & Ramsbottom, J. Some fungus forays in America. 
British Mycol. Soc. Trans. 14: 293-299. 140 1929. 

Reed, E. Testing the sugar content of beets for genetical pur- 
poses. Plant Physiology 4: 367-371. Jl 1929. 

Rehder, A. Notes on the ligneous plants described by H. 
Léveillé from eastern Asia. Jour. Arnold Arbor. 10: 108 
132. Ap 1929; 184-196. Jl 1929. 

Eleven new species in various genera are described. 

Richey, F. D. Corn breeding. U. S. Dep. Agr. Bull. 1489: 
1-63. pl. 1-12 +f. 1-8. N 1927. 

Rosen, H. R. The discovery of insect transmission of patho- 
ogenic microorganisms. Science II. 70: 355. 11 O 1929. 

Rosen, H. R. A study of the fire blight pathogen, Bacillus 
amylovorus within living tissue. Science II. 70: 329-330. 
40 1929. 

Rost, E. C. Cereus Childsiit. Desert 1: 45. tilust. Au 1929. 

Russell, P. Japanese flowering cherries. U.S. Dep. Agr. Circ. 
31: 1-8. pl. 1-5. Mr 1928. 

Rydberg, P. A. Genera of North American Fabaceae. III. 
Tribe Psoraleae. Am. Jour. Bot. 15: 195-203. Mr 1928. 

Satina, S., & Blakeslee, A. F. Criteria of males and females in 
bread moulds (Mucors). Proc. Nat. Acad. Sci. 15: 735- 
740. f. 1-3. 15S 1929. 

Sayre, J. D. Opening of stomata in different ranges of wave 
lengths of light. Plant Physiology 4: 323-328. f. 1-4. 
J11929. 
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Schertz, F. M. The pure pigments, carotin and xanthophyll, 
and Tsweet absorption method. Plant Physiology 4: 
337-348. Jl 1929. 

Schmidt, O. C. Beitriige zur Kenntnis der Meeresalgen der 
Azoren. I. Hedwigia 69: 95-113. f. 1-14. Je 1929; II. 
166-172. allust. S 1929. 

Four new species are described. 

Schmidt, O. C. Weinmannia agavacensis nov. spec. Notizbl. 
Bot. Gart. Berlin 10: 772-773. 10 J1 1929. 

A plant from Peru. 

Schmidt, O. C. Weinmannia velutina nov. spec. Notizbl. Bot. 
Gart. Berlin 10: 772. 10 Jl 1929. 


A plant from Brazil. 


Scott, F. M. The occurrence of golgi apparatus in the seedling 
of Vicia Faba. Am. Jour. Bot. 16: 598-605. f. 1-5. 24 
QO 1929. 

Scott, I. T. Hydrogen-ion equilibrium of mycelial mats of 
Fusarium Lycopersici in salt solutions and its relation to 
growth and toxicity. Am. Jour. Bot. 16: 631-643. f. 1-3. 
24 O 1929. 

Shear,C. L. The life history of Sphacetoma ampelinum deBary. 
Phytopathology 19: 673-679. f. 1-5. J1 1929. 

Sherbakoff, C. D. Eggplant diseases and their control. Florida 
Quart. Bull. Dep. Agr. 39%: 219-222. J1 1929. 

Shope, P. F. History of mycological collectors in Colorado. 
Mycologia 21: 292-296. 1S 1929. 

Showalter, A.M. The evolution of “‘plasmolysis.’’ Am. Jour. 
Bot. 16: 523-524. “Jl’ 4S 1929. 

Siegler, E. A., & Piper, R. B. Aerial crown gall of the apple. 
Jour. Agr. Res. 39: 249-262. f. I-4. 15 Au 1929. 

Skinner, F. L. Precocious lilac hybrids. Jour. Heredity 20: 
375-377. f. 13-14. Au 1929. 

Smith, F. G. Multiple cones in Zamia floridana. Bot. Gaz. 
88: 204-217. f. 1-14. 23 O 1929. 

Snapp, O.I., & others. Experiments on the control of the plum 
curculio, brown rot, and scab, attacking the peach in 
Georgia. U. S. Dep. Agr. Bull. 1482: 1-32. f. 1-10. Ap. 
1927. 
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Snell, W. H. Dasyscypha A gassizit on Pinus Strobus. Mycologia 
21: 235-242. pl. 20. 1S 1929. 

Snell, W. H. The relation of the moisture contents of wood 
to its decay. III. Am. Jour. Bot. 16: 543-546. “JI” 
4S 1929. 

Sponsler, O. L. Mechanism of cell formation. Plant Physiology 
4: 329-336. f. 1-3. Jl 1929. 

Sprague, R. Host range and life-history studies of some legum- 
inous Ascochytae. Phytopathology 19: 917-932. pl. 
34-36. O 1929. 

Stakman, E. C., Levine, M. N., & Wallace, J. M. The value 
of physiologic-form surveys in the study of the epidemi- 
ology of stem rust. Phytopathology 19: 951-959. f. J, 2. 
© 1929. 

Standley, P. C. A new species of Sorocea from Colombia. 
Trop. Woods 19: 39. 15 1929. 

Sorocea colombiana sp. nov. 

Standley, P. C. The “‘tango”’ tree of Central America. Trop. 
Woods 19: 6-7. 1S 1929. 

Zollernia tango sp. nov. 

Standley, P. C., & Macbride, J. F. A new form of red cedar 
from Indiana. Rhodora 31: 193-194. 23 O 1929. 

Juniperus virginiana forma Bremerae f{. nov. 

Stapf, O. Epidendrum pumilum. Curt. Bot. Mag. IV. 153: 
pl. 9170. 24 Au 1929. 

A plant from Costa Rica. 

Stapf, O. Eustephia pamiana. Curt. Bot. Mag. IV. 153: pl. 
9164. 24 Au 1929. 

From Argentina. 

Stewart, G., & Heywood, D. E. Correlated inheritance in a 
wheat cross between Federation and a hybrid of Sevier 
x Dicklow. Jour. Agr. Res. 39: 367-392. f. 1-9. 15 
1929. 

St. John, H. New and noteworthy northwestern plants. Part 
III. State Coll. Washington Res. Stud. 1: 90-112. pl. 
5+f. 1,2. ““My’”’ 19 Au 1929. 

St. John, H., & Warren, F. A. Eriogonum compositum and its 
variations. State Coll. Washington Res. Stud. 1: 84- 
89. allust. ‘‘“My”’ 19 Au 1929. 
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Svenson, H. K. On the biological effects of x-rays. Science II. 
69: 361. 29 Mr 1929. 

Swanson, C. H. The ecology of Turkey Run State Park. I. 
The flood plain. Proc. Indiana Acad. Sci. 38: 165-170. 
8 D 1928. 

Tapke, V. F. Influence of varietal resistance, sap acidity, and 
certain environmental factors on the occurrence of loose 
smut in wheat. Jour. Agr. Res. 39: 313-339. f. 1-4. 1S 
1929. 

Taylor, W. R. Alpine algal flora of the mountains of British 
Colombia. Ecology 9: 343-348. pl. 18. J1 1928. 

Taylor, W. R. General botanical microtechnique. In: Hand- 
book of microscopical technique for workers in both animal 
and plant tissues, edited by C. E. McClung. Chapter IV. 
pp. 108-180. New York, Paul B. Hoeber, 1929. 

Taylor, W. R. Notes on algae from the tropical Atlantic ocean. 
Am. Jour. Bot. 16: 621-630. pl. 62+f. 1-13. 24 O 1929. 

Tilford, P. E., & May, C. The effect of Bordeaux mixture on the 
internal temperature of potato leaflets. Phytopathology 
19: 943-949. O 1929. 

Toro, R. A. Plant-disease notes from the central Andes. II. 
Phytopathology 19: 969-974. O 1929. 

Torrey, R. H. What will be the fate of Queens ponds? Torreya 
29: 139-141. allust. O 1929. 

Trelease, W. New Piperaceae from Central America and 
Mexico. Jour. Washington Acad. Sci. 19: 327-337. 19 
S 1929. 

Thirty-two new species are described. 

Ulbrich, E. Eine neue Aseroé aus Brasilien (A. rubra LaBill. 
var. brasiliensis Ulbrich var. nov.). Notizbl. Bot. Gart. 
Berlin 10: 717-723. f. 11. 10 Jl 1929. 

Valleau, W. D. Tobacco mosaic control in Mexico. Phyto- 
pathology 19: 880. S 1929. 

Van Hook, J. M. Indiana fungi. XI. Proc. Indiana Acad. Sci. 
38: 127-131. 8 D 1929. 

VanHook, J. M. Some new species of fungi. Proc. Indiana 
Acad. Sci. 38: 131-132. 8 D 1928. 


Cercospora Cynoglossi, C. Rosae, Phyllosticta indianensis & P. Rosae- 
setigerae, spp. nov. 
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Wagener, W. W. Lentinus lepideus Fr.: a cause of heart rot of 
living pines. Phytopathology 19: 705-712. f. 1. Au 1929. 

Wai, N. A new species of mono-Mucor, Mucor Sufu, on Chinese 
soybean cheese. Science II. 70: 307-308. 27 S 1929. 

Waldron, L. R. The relationship of black chaff disease of wheat 
to certain physical and pathological characters. Science 
II. 70: 268. 13 S 1929. 

Ware, J. O. Inheritance of lint percentage in cotton. Jour. 
Am. Soc. Agron. 21: 876-894. f. 1-5. S 1929. 

Waterman, W. G. Sphagnum bogs in Illinois. Parks & Rec. 
12: 315-316. Au 1929. 

Watson, J. R. Control of root-knot. II. Florida Quart. Bull. 
Dep. Agr. 39%: 160-176. Jl 1929. 

Watson, J. R. Plant diseases and pests. II. General garden 
insects and pests. Florida Quart. Bull. Dep. Agr. 39°: 
47-146. f. 58-111. Jl 1929. 

Wl[eatherby],C. A. Seed versus sorus. Am. Fern Jour. 19: 102- 
104. S 1929. 

Weatherwax, P. Cleistogamy in Poa Chapmaniana. Torreya 
29: 123-124. f. 1-4. 01929. 

Weatherwax, P. The morphology of the spikelets of six genera 
of Oryzeae. Am. Jour. Bot. 16: 547-555. f. 1-10. “‘Jl’’ 
4S 1929. 

Weaver, J. E., & Clements, F. E. Plant Ecology. i-xx, 1-520. 
f. 1-262 +frontispiece. New York, McGraw-Hill Book Co., 
1929. 

Weimer, J. L. Additional hosts of Fusarium oxysporum var. 
medicaginis. Jour. Agr. Res. 39: 351-353. 15 1929. 

Weimer, J. L. Some factors involved in the winterkilling of 
alfalfa. Jour. Agr. Res. 39: 263-283. f. 1-4. 15 Au 1929. 

Weinberg, F. Echinocactus Hertrichii Weinb. nova species. 
Desert 1: 40-41. illust. Au 1929. 

Weinberg, F. In quest of the golden spined Echinocereus. 
Desert 1: 58-59. S 1929. 

Weingart, W. Opuntia pailana spec. nov. Monats. Deutsch. 
Kakteen-Gesell. 1: 167-169. dilust. S 1929. 


A plant from Mexico 

Weiss, F., & Brierley, P. Factors of spread and repression in 
potato wart. U.S. Dep. Agr. Tech. Bull. 56: 1-13. pl. 1. 
Mr 1928. 
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Weiss, F., Lauritzen, J. L., & Brierley, P. Factors in the 
inception and development of Fusarium rot in stored 
potatoes. U.S. Dep. Agr. Tech. Bull. 62: 1-35. pl. 1-6+f. 
1-4. My 1928. 

Welch, W. H. A contribution to the phytoecology of southern 
Indiana with special reference to certain Ericaceae in a 
limestone area of the Bloomington quadrangle. Proc. 
Indiana Acad. Sci. 38: 65-83. f. 1-3. 8 D 1928. 

Werdermann, E. Beitriige zur Kenntnis der Flora von Chile. 
IV. Notizbl. Bot. Gart. Berlin 10: 752-768. 10 Jl 1929. 


Eleven new species in various genera are described. 


Werdermann, E. Plantae Raimondianae. Notizbl. Bot. Gart. 
Berlin 10: 724-751. 10 J1 1929. 

Twenty new species from Peru are described. 

West, J. Silverskin. Jour. Cactus & Succ. Soc. Am. 1*: 3-4. 
S 1929. 

Westley, E. Cultivation of ferns under lath in southern Cali- 
fornia. Am. Fern. Jour. 19: 91-95. S 1929. 

Weston, W. A. R. D. The effect of Tilletia caries (DC) Tul. 
(T. Tritict (Bjerk.) Wint.) on the development of the 
wheat ear. Phytopathology 19: 681-685. f. J-5. Jl 1929. 

Weston, W. H. Jr. A new Sclerospora from Fiji. Phytopath- 
ology 19: 961-967. f. J. O 1929. 


Sclerospora Northt sp. nov. 


Wherry, E. T. Acidity relations of the Sarracenias. Jour. 
Washington Acad. Sci. 19: 379-390. f. J. illust. 19 O 
1929. 


Sarracenia Jonesii sp. nov. is described. 


Wherry, E. T. Further occurrence of the Alleghany cliff-fern. 
Am. Fern Jour. 19: 101-102. S 1929. 

Wieland, G. R. Views of higher seed plant descent since 1879. 
Science II. 70: 223-228. 6S 1929. 

Willaman, J. J., & Child, A. M. Influence of shape on the 
chemical composition of potato tubers. Plant Physiology 
4: 385-392. Jl 1929. 

Wilson, E. H. More aristocrats of the garden. i-xiv, 1-288. 
illust. Boston, Stratford Co., 1928. 
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Wilson, J. K. The presence of Rhizobium on agricultural seed. 
Jour. Am. Soc. Agron. 21: 810-814. Au 1929. 

Winter, J. M. Some observations on the rate of mitosis in root 
tip meristems of Gladiolus. Trans. Am. Micros. Soc. 48: 
276-290. pl. 32. J11929. 

Woodworth, C. M., & Veatch, C. Inheritance of pubescence 
in soy beans and its relation to pod color. Genetics 14: 
512-518. S$ 1929. 

Zimmerman, P. W. The Boyce Thompson Institute for Plant 
Research, Inc. Jour. Chem. Ed. 6: 1385-1402. dllust. 
S 1929. 

Zimmerman, P. W., & Hitchcock, A. E. Vegetative propaga- 
tion of holly. Am. Jour. Bot. 16: 556-570. pl. 55-57. 
“Jl 4S 1929. 

Zirkle, C. Development of normal and divergent plastid types 
in Zea Mays. Bot. Gaz. 88: 186-203. pl. 10-12. 23 0 
1929. 


Corrected title (see page 116) 


Gez, J. W. Notas varias. An. Soc. Cient. Argentina 106: 
187-193. allust. O 1928. 


Notes on Cactaceae. 
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New names and the final members of new combinations are in bold face type. 


Abolboda poarchon 17; rigida 16 

Acer floridanum 260, 264 

Achyrocline satureioides 407 

Aconitum columbianum 212; macilen- 
tum 211, 212 

Acrochaetium virgatulum luxurians 
206 

Aeschynomene filosa 395; laxa 395 

Aesculus Hippocastanum 520 

Agropyron repens 319, 320, 322 

Agropyron repens, Development of 
the pollen grain and the embryo 
sac of 319 

Akentra inflata 111 

Algae from the Green river formation 
of Colorado, Fresh water 421 

Algae of Florida, Notes on the marine 
199 

Allomaieta grandiflora 98 

Alopecurus 411 

Alsine aquatica 472; media 471, 472; 
uliginosa 472 

Amblyarrhena 99 

Ambrosia 135 

American botanical literature, Index 
to 53, 113, 169, 217, 275, 325, 378, 
429, 555 

Anacardium excelsum 260, 264; occi- 
dentale 511 

Angiosperms—I. The nature of the 
pitting between tracheary and par- 
enchymatous elements, Histology 
of the wood of 259 

Anogra trichocalyx 294 

Anthoxanthum 410, 411; odoratum 
413, 415, 416, 420 

Anthurium Andersonii 8; expansum 
8; fissum 9; glaucophyllum 9; obo- 
vatum 9; potarense 9 

Antithamnion plumula 204 

Aralia wyomingensis 93 

Arisaema Dracontium 527, 533; tri- 
phyllum 527, 533 

Artanthe elongata 536; salviaefolia 
536 

Arundinaria gigantea 315, 317, 318; 
macrosperma 315-318; tecta 315, 
316, 318 

Arundinaria, Notes on 315 

Arundo gigantea 317, 318; tecta 317, 
318 

Asperococcus clavatus 205; echinatus 


Astragalus adsurgens 545, 546, 548, 
549; adsurgens albiflorus 549; ad- 
surgens robustior 547, 548; agrestis 
550-552; agrestis polyspermus 551; 


579 


alpinus giganteus 539; anisus 543; 
Austinae 552; Bigelowii 541-543; 
Brauntoni 552; brevidens 550; 
Breweri 539, 554; canadensis 544— 
547; canadensis Mortoni 546; 
carolinianus 544, 545; Chaetodon 
552; Chandonametii 548—550; chris- 
tianus 539; Crandallii 549; Earlei 
541, 542; flavus 547; giganteus 539; 
giganteus yaquianus 539; goniatus 
550-552; Halei 545; Hartmanii 
540; Humboldtii 541-543; hypo- 
glottis 550-552; hypoglottis brac- 
teatus 551; hypoglottis ochroleucus 
551; hypoglottis polyspermus 550, 
551; irolanus 542; Laxmanni 547; 
Lemmonii 539, 552-554; lentifor- 
mis 539, 552—554; Lyallii 552, 553; 
marcidus 543; Matthewsii 543; 
mogollonicus 543; mollissimus 540, 
542; Mortoni 545-547; nitidus 
546, 548, 550; nitidus robustior 548; 
Nuttallii 553; Onobrychis 539, 554; 
oreganus 547; oreophilus 545; 
Orizabae541; orthanthus 540, 541 ; 
pachystachys 546, 547; Peckii 553; 
pervelutinus 542; reventoides 549; 
sanguineus 541; simulans 540; 
Spaldingii 552, 553; spicatus 545, 
546; striatus 545, 547-549; suc- 
cumbens 543; sulphurescens 548, 
549; Tarletonis 551; tener 554; 
terminalis 549; Thompsonae 542, 
543; Thompsonianus 542; Torreyi 
546; tristis 546; ventorum 547; 
virgultulus 551; yaquianus 539, 540 

Auto-irrigation of plants, A double- 
walled pot for the 139 

Avena 92, 322, 323; barbata 451-453, 
456, 458-463, 465-469; brevis 449, 
451, 452, 456, 458-470; fatua 324; 
nuda 453, 455-458, 460-462, 465- 
469; orientalis 452, 453, 456-458, 
460-462, 464469; sativa 155, 451- 
453, 455-458, 460-463, 465, 467-— 
469; sterilis 452, 453, 455-469; 
strigosa 449, 452-470; strigosa or- 
cadensis 468 

Azalea 343, 350 

Baccharis 406 

Bacterium tumefaciens 299-308, 310, 
314 

Barnadesia 124 

Beckmannia 411 

BEcKwITH, ANGIE M. Pilacre faginea 
proves to be a heterothallic fungus 
359 
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Bejaria Imthurnii 401; Tatei 401, 408 

Berberis simplex 95 

Beta vulgaris 302 

Betula 262; lenta 261, 264 

Blepharodon Steudelianus 407; Ulei 
408 

BOTANICAL LITERATURE, INDEX TO 
AMERICAN 53, 113, 169, 217, 275, 
325, 379, 429, 555, 

Bowdichia nitida 396; parvifolia 396; 
virgilioides 396 

BowEN, Ropert H. The use of os- 
mic-impregnation methods in 33 

BRADLEY, Witmot H. Fresh water 
algae from the Green river forma- 
tion of Colorado 421 

Brassica chinensis 479; pekinensis 479 

Brathys 100 

Brocchinia cordylinoides 405 

Brown, Ciair A. Notes on Arun- 
dinaria 315 

Bruniera vivipara 356 

Buchnera rosea 407 

Bryopsis 252; ramulosa 203 

Caconapea auriculata 403; verticil- 
lata 403 

Calathea altissima 21; fragilis 21 

Calea ternifolia 408 

Callithamnion byssoideum 209; lux- 
urians 206; pellucidum 208; poly- 
spermum 207 

Calolsianthus Imthurnianus 402 

Calpidisca calycifida 404, 407; Hum- 
boldtii 404; roraimensis 405 

Camarea triphylla 511 

Campylosiphon 23 

Cancer transplants, A comparison of 
the behavior of crown gall and 299 

Cannabis sativa 527 

Capsosira 425 

Carbohydrate supply, Susceptibility 
of wheat to mildew as influenced 
by 65 

Carduus divaricatus 135 

Carex 341; Purdiei 407 

Carludovica 1, 2; bracteosa 6; coro- 
nata 5; funifera 5; glandulosa 8; in- 
sularis 3, 4; Kegeliana 7; latifrons 
7; mana 4, 5; palmata 1; pygmaea 
3, 4; sarmentosa 6; stylaris 7 

Carpinus caroliniana 260, 264 

Cassia bauhiniaefolia 395; caroliniana 
511; Roraimae 395 

Castagnea virescens 205; Zosterae 205 

Castanea mollissima 480 

Caulerpa 228, 252; Ashmeadii 208; 
coccinia 205; taxifolia 205 

Celastrus fraxinifolius 93 

Centaurea 135 

Centrophyllum 135 


Cephaelis 406; Tatei 405 

Cerastium 471, 478, 479; aquaticum 
472, 473; deflexum 472; maximum 
472; scandens 473 

Chaetocarpus stipularis 397, 398; 
Schomburgkianus 398 

Chaetomorpha clavata 203 

Chamaecrista bauhiniaefolia 395; 
Roraimae 395 

Chelonanthus chelonoides 402; Schom- 
burgkii 402 

Chondria cnicophylla 203 

Chroococcus Westii 422 

Cichorium Intybus 346 

Cladophora fuliginosa 204; prolifera 
204 

Cladophoropsis 205 

Clarkia, with special reference to its 
relationship to Godetia, A study of 
the genus 181 

Clarkia Breweri 182, 184, 187, 196; 
concinna 182, 184, 187, 195, 196; 
delicata 182, 184, 185, 187, 188; 
Eiseniana 191, 192; elegans 181- 
184, 187, 191, 192, 194, 293; 
gauroides 189; grandiflora 195, 196; 
modesta 181, 197; parviflora 192; 
pulchella 181-185, 187, 194, 294; 
rhomboidea 181-185, 187-190, 192, 
197; rhomboidea virgata 191; 
Saxeana 196; unguiculata 183, 191; 
virgata 190; Xantiana 182, 184, 
185, 187, 192 

Classification, A morphological study 
of some Phalarideae, with special 
reference to 409 

Classification of plants—III. The 
Nassauvinae, Pollen grains in the 
identification and 123 

Cleanthes 127-130, 133, 134; brasili- 
ensis 126; hieracoides 126 

Clusia rosea 407 

Coelastrum verrucosum 424 

Coleanthus 411 

Colorado, Fresh water Algae from the 
Green river formation of 421 

Colorado, New species of fossil plants 
from the Tertiary shales near De 
Beque, 93 

Comparison of the behavior of crown 
gall and cancer transplants, A 299 

Cornucopiae 411 

Costus bracteatus 20; erythrocoryne 
20; geothyrsus 20 

Cottoniella filamentosa 203 

Couepia macrophylla 511 

Cousinia 135 

Crinalium 426; endophyticum 423 

Crown gall and cancer transplants, A 
comparison of the behavior of 299 
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Crypsis 411 

Cucurbita 342 

CuMMINS, MARGARET P. Develop- 
ment of the integument and ger- 
mination of the seed of Eleusine 
indica 155 

Cyphostyla hirsuta 99; villosa 99, 100 

Cyrilla brevifolia 398 

Cystoseira ericoides 206 

Dahlia 341, 349, 350 

Dalea spinosa 260 

Dayton, WILLIAM A. 
macilentum Greene 211 

Derbesia vaucheriaeformis 208 

Development of the integument and 
germination of the seed of Eleusine 
indica 155 

Development of the pollen grain and 
the embryo sac of Agropyron 
repens 319 

Dictyostega 23 

Dictyostelium 227-230, 234, 236 
237, 243-245, 247, 249, 256, 257 

Dieffenbachia paludicola 10 

Dilophus 208 

Double-walled pot for the 
irrigation of plants, A 139 

Draba Jaegeri 164, 165; Mulfordae 
165; Paysonii 165; sterosperma 
165; uncinalis 165 

Drosera montana Roraimae 403 

Ectocarpus confervoides 208 

Ehrharta 411, 417 

Eleusine 156, 160, 161; indica 155 

Eleusine indica, Development of the 
integument and germination of the 
seed of 155 

Elleanthus aureus 407 

Embryo sac of Agropyron repens, 
Development of the pollen grain 
and the 319 

Emmeorhiza umbellata 407 

Enteromorpha compressa 204; ramu- 
losa 204 

Epidendrum repens 407 

Epilobium 296; nevadense 166, 167; 
nivium 163, 167; paniculatum 167 

Equisetum 46 

Eriocaulon Humboldtii 407 

Erysiphe graminis 68, 92 

Eubrathys 100 

Eucharidium 182 


Aconitum 


auto- 


186, 294; Breweri 


183, 196; concinnum 183, 195; 
grandiflorum 183, 195 

Eucheuma isiforme 209 

Euclarkia 182, 184-186 

Eupatorium inulaefolium 407; laevi- 


gatum 407 
Evodianthus 1 
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Fabaceae—XII. Astragalus. Notes 
on 539 
Fagopsis longifolia 93 
Ficus 392; elastica 302 
Fingerhuthia 411 
Flora of northern South America, 


Studies on the:—XI. New or note- 
worthy monocotyledons from Bri- 
tish Guiana 1;—XII. 97;—XIII. 
The Tate collection from Mount 
Roraima and vicinity 391 

Florida, Notes on the marine algae of 
199 

Flowering of Lemnaceae, The 351 

Fossil plants from the Tertiary shales 
near De Beque, Colorado, New 
species of 93 

Fresh water Algae from the Green 

River formation of Colorado 421 

Frost, FREDERICK H. Histology of 
the wood of angiosperms—I. The 
nature of the pitting between 
tracheary and parencymatous ele- 
ments 259 

Fuchsia fulgens 287 

Fungus, Pilacre faginea proves to be 
a heterothallic 359 

Gauropsis lancifolia 197 

Gelidium crinale 203 

Genus Viburnum in northwestern 
South America, The 265 

Genus Weinmannia in 
South America, The 361 

Germination of the seed of Eleusine 
indica, Development of the integu- 
ment and 155 

GLEason, H. A. Studies on the flora 
of northern South America—XI. 
Newor noteworthy monocotyledons 
from British Guiana 1;—XII, 97; 
—XIII. The Tate collection from 
Mount Roraima and vicinity 391 

Godetia 181-186, 294; biloba 182, 
184, 185; delicata 188; Dudleyana 
185; epilobioides 182, 184, 185, 
189, 197; hispidula 182; latifolia 
189, 190; purpurea 184; Whitneyi 
182 

Godetia, A study of the genus Clarkia, 
with special reference to its rela- 
tionship to 181 

Gordonia lasianthus 260, 261, 264 

Gracilaria arcuata 206; armata 207; 
biflabellata 207; cornea 207; dura 
207; ferox 207; helminthochorton 
207; lacinulata 207; tridactylites 
207 

Graffenrieda obliqua 408 

Green River formation of Colorado, 
Fresh water algae from the 421 


northern 
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Grifhiithsia corallina 208; globulifera 
208 

Gymnosiphon Altsoni 23; brevifiorum 
22, 23; guianense 22, 23 

Gymnosporangium 342 

Habenaria decipiens 407 

Halicystis 203, 209 

Hamosa Andersonii 552; tenera 554 

Hapalosiphon aureus 423; conferva- 
ceus 423; flexuosus 423 

HARPER, R. A. Morphogenesis in 
Polysphondylium 227 

Hartmannia rosea 286; speciosa 286; 
tetraptera 285, 286, 288, 291, 292, 
294, 295 

Hartmannia tetraptera, Studies in 
the morphology of the Onagraceae 

1. The megagametophyte of 285 

Hecastocleis Shockleyi 348 

Helianthus annuus 293 

Helminthocladia Calvadosii 206; di- 
varicata 206 

Herpestris gracilis 403 

Hesperastragalus 554 

Heterothallic fungus, Pilacre faginea 
proves to be a 359 

Hicoria pecan 261, 264 

Hierochloé 412 

Hiptage Madablota 511 

Hirtella Sprucei 511; triandra 511 

Histology of the wood of angio- 
sperms—I. The nature of the 
pitting between tracheary and 
parenchymatous elements 259 

Hitcucock, C. Leo (See Munz, 
Puivip A. 181) 

Holcus halepensis 155 

Houuick, ARTHUR. New species of 
fossil plants from the Tertiary 
shales near De Beque, Colorado 93 

Hordeum 47; vulgare 52 

Humulus japonicus 527 

Hyacinthus 36, 47; orientalis 52 

Hydrocoleum comoides 202; lyng- 
byaceum 202; penicillatum 200, 201 

Hydrolea multiflora 402 

Hyoscyamus albus 511 

Hypericum 100; aciculare 101; Bra- 
thys 102, 105; bryoides 102, 103; 
caracasanum 103; carinosum 102, 
103; chamaemyrtus 102; gnidioides 
102; Hartwegi 102; Holtoni 102, 
104; Jahnii 102, 105; Jussiaei 102, 
106, 400; lancifolium 102, 105; 
laricifolium 102, 104; laricoides 
102, 104; Lindenii 102; loxense 102; 
mexicanum 103, 107; myricarii- 
folium 102; Phellos 103, 106, 400; 
pimelioides 103; platyphyllum 103, 
106, 107; quitense 102; roraimense 
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399, 400, 408; stenopetalum 103; 
strictum 102, 104, 105; strictum 
compactum 104, 105; strictum re- 
ductum 104; struthiolaefolium 102, 
105; struthiolaefolium compactum 
104; thuyoides 101; thymifolium 
102, 106, 400; Weberbaueri 102, 
103, 105 

Hypnea robusta 207 

Impatiens glanduligera 520; tricornis 
520 

INDEX TO AMERICAN BOTANICAL 
LITERATURE 53, 113, 169, 217, 275, 
325, 378, 429, 555 

Integument and germination of the 
seed of Eleusine indica, Develop- 
ment of the 155 

Isachne 411 

Ivesia Baileyi 166; Jaegeri 165; 
setosa 166 

Jatropha Curcas 213, 214; gossypi- 
folia 214; herbacea 214; Manihot 
214, moluccana 214; multifida 213, 
214; urens 213-215 

Jatropha, Type of the genus 213 

JOHANSEN, DonaLtp A. Studies in 
the morphology of the Onagraceae 

The megagametophyte of 

Hoctmennie tetraptera 285 

Juncus acuminatus 31, 32; alpinus 
pallida 30; bicornis 26, 27; brachy- 
cephalus 32; brevicaudatus 29-32; 
canadensis 29, 31, 32; canadensis 
brachycephalus 32; canadensis co- 
arctatus 30; canadensis longicauda- 
tus 31; coarctatus 29, 31, 32; 
coriaceus 38; dichotomus 25, 27; 
Dudleyi 26; effusus 28, 533; fili- 
formis 28; germanorum 25; Gesneri 
27; gracilis 27; longicaudatus 31; 
macer 27; nodosus 26; platycaulos 
27; setaceus 27, 28; Smithii 27; 
tenuis 25-27 

Juncus names, Some 25 

Jungia 125, 128, 130, 131, 133, 136; 
floribunda 126, 138; pauciflora 126 

Jussiaea 392 

Jussieua 295 

Jussievia 213 

Kiuurp, E. P., anp A. C. Smita. The 
genus Viburnum in northwestern 
South America 265; The genus 
Weinmannia in northwestern South 
America 361 

Kneiffia fruticosa 295; linearis 295; 
linifolia 295 

Larbrea aquatica 472 

Lantana mixta 403 

Lathraea 350 
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Laurencia gemmifera 204; obtusa 
204; Poitei 204 
Lemna gibba 352, 354, 356, 358; 


major 352; minor 351, 353, 354, 
356; perpusilla 352, 354; polyrrhiza 
356; Torreyi 354; trisulca 353, 354, 
356; valdiviana 354 

Lemnaceae, The flowering of 351 

Lepocinclis teres 424 

Lesquerella Hitchcockii 163, 164 

Leuceria 127, 129, 133, 134; anthemi- 
difolia 126; paniculata 126; pur- 
purea 126; tenuis 126 


Levine, MICHAEL. A comparison of 
the behavior of crown gall and 
cancer transplants 299 

Licania macrophylla 511 

Liquidamber styraciflua 260, 261 

Liriodendron 262 

Lisianthus Imthurnianus 402; Quelchii 


402 

LITERATURE, INDEX TO AMERICAN 
BoTANICAL 53, 113, 169, 217, 275, 
325, 378, 429, 555 

Lithophyllum bermudense 204 

Lithothamnium floridanum 204 

Lomatia terminalis 93; tripartita 93 

Ludovia 1 

Lychnis 478 

Lycopersicum esculentum 302 

Lyngbya confervoides 202; lutea 202 

MACKENZIE KENNETH K. Some 
Juncus names 25; Type of the genus 
Jatropha 213 

Magnolia 262; acuminata 260 

Mahonia 95 

Mahurea exstipulata 408 

Malachia aquatica 472 

Malachium aquaticum 472, 478; 
aquaticum alpinum 473, 481; aqua- 
ticum angustatum 473, 481; aquati- 
cum arenarium 473, 481; aquaticum 
arenosum glomeratum 474; aqua- 
ticum hungaricum 471, 481; aquati- 
cum saxatile 473; aquaticum scan- 
dens 473; aquaticum silvaticum 
molle 474, 481; calycinum 473 

Malaxis hastilabia 407 

Malus coronaria 261, 264 

Mandevilla Schomburgkii 402 

Marine algae of Florida, Notes on the 
199 

Maripa acuminata 108; axilliflora 
107, 108; cayennensis 107, 108, 
110; colombiana 109, 110; cordi- 
folia 107, 109, 110; densiflora 107, 


109, 110; erecta 107, 108, 110; 
glabra 107, 109, 111; longifolia 
107, 109, 111; maxilliflora 109; 
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nicaraguensis 107, 109, 110; pana- 
mensis 107, 109, 110; paniculata 
107; passifloroides 107-109; repens 
107, 109, 110; reticulata 107; 
scandens 107-110; scandens albi- 
cans 107; scandens argentea 107; 
spectabilis 108; tenuis 107; villosa 
108 

Matzke, Epwin B. A morphologic 
study of the variations in Stellaria 
aquatica with special reference to 
symmetry and sterility 471 

Megagametophyte of Hartmannia 
tetraptera, Studies in the morphol- 
ogy of the Onagraceae—I. The 285 

Meisneria cordifolia 400 

Melandrium 478 

Melochia parvifolia 398 

Miconia 99 

Microcoleus chthonoplastes 202 

Microlaena 411 

Microspora pachyderma 424, 425 

Mikania micrantha 407 

Mildew as influenced by carbohydrate 
supply, Susceptibility of wheat to 
65 

Monocotyledons from British Guiana, 
Studies on the flora of northern 
South America—XI1. New or note- 
worthy 1. 

Monostroma latissimum 202 

Montinia 285 

Morphogenesis in Polysphondylium 
227 

Morphologic study of the variations 
in Stellaria aquatica with special 
reference to symmetry and sterility, 
A 471 

Morphological study of some Phalari- 
deae, with special reference to 
classification, A 409 

Morphology of the Onagraceae—I. 
The megagametophyte of Hart- 
mannia tetraptera 285 

Moscharia 128, 129, 133, 134; pinnati- 
fida 126 

Mount Roraima and vicinity, Studies 
on the flora of northern South 
America—XIII. The Tate collec- 
tion from 391 

Mouroucoa violacea 107-109 

Mowery, May. Development of the 
pollen grain and the embryo sac of 
Agropyron repens 319 

Munz, Pumip A. New plants from 
Nevada 163 

Munz, Pamip A., AND C. LEO 
Hitcucock. A study of the genus 
Clarkia, with special reference to 
its relationship to Godetia 181 
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Musa 94 

Myoporum parvifolium 521 

Myosanthus aquaticus 472 

Myosoton aquaticum 472 

Myrica coloradensis 93; drymeja 93; 
praedrymeja 93 

Nardus 411 

Nassauvia 125, 126, 128-133; pungens 
126; pyramidalis arachnoidea 126; 
serpens 126 

Nassauvinae, Pollen grains in the 

identification and classification of 
plants—III. The 123 

Nature of the pitting between trache- 
ary and parenchymatous elements, 
Histology of the wood of angio- 
sperms—lI., The 259 

Nematopus 17 

Nephradenia acerosa 407 

Neurocarpus 208 

Neurospora 350 

Nevada, New plants from 163 

New physiologic races of the oat 
smuts 449 

New plants from Nevada 163 

New species of fossil plants from the 
Tertiary shales near De Beque, 
Colorado 93 

Nicotiana affinis 302, 307; Tabacum 

302, 308, 309 

Not Piper angustifolium Lamarck: 
not Piper elongatum Vahl 535 

Notes on Arundinaria 315 

Notes on Fabaceae—XII 539 

Notes on the marine algae of Florida 
199 

Nouelia 132 

Oat smuts, New physiologic races of 
the 449 

Odostemon nutkanus 95; pallidus 95; 
Reynoldsii 95; simplex 95 

Oenothera 183-186; Childsii 286; 
elegans 191; mexicana rosea 286; 
pulchella 194; rhomboidea_ 189, 
197; rosea 285; rubrinervis 287, 
297; tetraptera 285, 286, 296; 
tetraptera Childsii 286 

Onagraceae—I. The megagameto- 
phyte of Hartmannia tetraptera, 
Studies in the morphology of the 
285 

Onobrychides 539, 547 

Opsianthes 186; gauroides 189 

Orchyllium Campbellianum 405; 
Quelchii 405 

Origin of symmetry patterns of poilen 
grains, The 339 

Orontium 94 

Orthopolygala 397 


Osmic-impregnation methods in plant 
cytology, The use of 33 

Ostrya 262; Knowltonii 261, 264 

Ouratea rigida 399; Tatei 398 

Olytenia 134, 135 

Padina Commersonii 205; Pavonia 
205; Sanctae-Crucis 205 

Paepalanthus biformis 394; capilla- 
ceus 14; Jenmani 14; Schomburkgii 
16 

Palicourea obtusata 408 

Pamphalea 127, 129, 133; bupleuri- 
folia 126; heterophylla 126 

Panicum 409; carannasense 407; 
cyanescens 407 

Parenchymatous elements, Histology 
of the wood of angiosperms—lI. 
The nature of the pitting between 
tracheary and 259 

Parinarium Gardneri 511 

Paspalum contractum 407 

Passiflora 392; sclerophylla 408 

Pediastrum 123, 124, 136, 251, 256, 
350, 424 

Peltandra 94 

Penicillium glaucum 77 

Peperomia basellaefolia 407; Rox- 
burghiana 535 

Perezia 125, 127, 128, 130-133; 
Wrightii 126 

Petunia nyctaginiflora 511 

Phaca neglecta 544; mollis 541 

Phacus caudata 423 

Phaeostoma 182-187; Douglasii 189, 
191; elegans 183, 191; parviflora 
192, 193; rhomboidea 183, 189; 
Xantiana 183, 192 

Phalarideae, with special reference 
to classification, A morphological 
study of some 409 

Phalaris 410, 411; arundinacea 413, 
415, 420; canariensis 413-420 

Philodendron Demerarae 11; di- 

scoreoides 12; micans 12; platypodum 
11; subsessile 12 

Physiologic races of the oat smuts, 
New 449 

Phytolacca 392 

Piaropus 94 

Pilacre faginea proves to be a hetero- 
thallic fungus 359 

Piper aduncum 537; angustifolium 
535-538; celtidifolium 537; con- 
sanguineum 538; elongatum 535- 
538; granulosum 537; hexandrum 
537; multinervium 537; Ossanun 
537; purpurascens 536; salviae- 
folium 536; Schlechtendahlianum 
538; subrectinerve 537 
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Piper angustifolium Lamarck: not 
Piper elongatum Vahl, Not 535 

Pisum sativum 52 

Plant cytology, The use of osmic- 
impregnation methods in 33 

Plants, A double-walled pot for the 
auto-irrigation of 139 

Plants from Nevada, New 163 

Plants from the Tertiary shales near 
De Beque, Colorado, New species 
of fossil 93 

Plants—III. The Nassauvinae, Pol- 
len grains in the identification and 
classification of 123 

Plasmodiophora Brassicae 147, 153 

Platanus Wrightii 261 

Pleurothallis vaginata 295, 407 

Poa 322,°409; annua 155; compressa 
155, 162, 323, 324; pratensis 155, 
162, 323, 324 

Poecilandra retusa 408 

Pollen grain and the embryo sac of 

Agropyron repens, Development of 
the 319 

Pollen grains in the identification and 
classification of plants—III. The 
Nassauvinae 123 

Pollen grains, The origin of symmetry 
patterns of 339 

Polyachyrus 127, 129, 133, 134; 
sphaerocephalus 126, 138 

Polygala adenophora 407; Fendleri 
407; gracillima 397; microspora 
397; Spruceana 397; subtilis 397 

Polypogon 411 

Polysiphonia foeniculacea 207; hirta 
207 

Polysphondylium, Morphogenesis in 
227 

Polysphondylium violaceum 227—258 

Polytrichum commune 52 

Pontederia 94; cordata 94 

Pontederites thecoides 94 

Populus 262 

Potentilla 166 

Proustia 124, 126, 128, 130-133; 
Krugiana 126; pungens 126; pyri- 
folia 126; Vanillosma 126 

Psilocarya monostachya 392 

Pterolepis glomerata 407 

Pteromischum 11; cannifolium 11 

Ptychomeria 22 

Puccinia coronata 67; coronifera 65; 
graminis Tritici 92; Sorghi 67, 73 
Tritici compacti 92 

Qualea macropetala 521; Schomburg- 
kiana 396 

Quercus castaneopsis 93 

Rapanea guyanensis 407 

Rapatea viscosa 18 
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REED, GEORGE M. New physiologic 
races of the oat smuts 449 

Rhizoclonium riparium 203 

Rhizopus stolonifer 239 

Rhodospatha Melinoni 13; venosa 12 

Rhus coriarioides 93 

Ricinus 46, 308, 310, 312; communis 
52, 302, 307 

RIECKEN, WiLit1AM E. A morpholo- 
gical study of some Phalarideae, 
with special reference to classifica- 
tion 409 

RYDBERG, PER AXEL. 
Fabaceae—XII 539 

SAEGER, ALBERT. The flowering of 
Lemnaceae 351 

Salix 262 

Salpiglossis sinuata 343, 344, 350, 511 

Salvertia convallariodora 520 

Sambucus callicarpa 261, 264; coeru- 
lea 261, 264; Simpsonii 260, 264 

Sarcinanthus 1, 7 

Sargassum cymosum 209; dentifolium 
206; pteropleuron 206 

Saxifraga granulata 511; sarmentosa 
511 

Schizanthus retusus 511 

Schizoplacium 8, 10 

Scinaia complanata 206; furcellata 
206 

Scolymus 350 

Sedum spectabile 91 

Seed of Eleusine indica, Development 
of the integument and germination 
of the 155 

Semaeophyllium 9 

Serjania 520 

Setaria 411 

Setiscapella subulata 407 

Silene 474 

Sipanea galioides 408 

Sipanthera cordifolia 400; microlici- 
oides 400 

Smilax latipes 19; Schomburgkiana 
19 

SmiTH, A. C. (See 
265, 361 

Smuts, New physiologic races of the 
oat 449 

Some Juncus names 25 

South America—XI. New or note- 
worthy monocotyledons from Bri- 
tish Guiana, Studies on the Flora 
of northern 1 

South America—XII, Studies on the 
flora of northern 97;—XIII. The 
Tate collection from Mount Ror- 
aima and vicinity 391 

South America, The genus Viburnum 
in northwestern 265 


Notes on 


Kituip, E. P.) 
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South America, The genus Weinman- 
nia in northern 361 

Spatoglossum Schroederi 209 

Spergula arvensis 479 

Spermothamnion pellucidum 208 

Sphaerostigma Veitchianum 294 

Spirodela oligorhiza 353; polyrhiza 
351-353, 355, 356, 358; punctata 
353; pusilla 353 

Spyridia aculeata 209; aculeata hyp- 
neoides 209; filamentosa 209 

Staphylea acuminata 96; trifoliata 
96; Viridifluminis 96 

Steffensia elongata 536 

Stegolepis angustata 18; ferruginea 
18; guianensis 18 

Stellaria aquatica with special refer- 
ence to symmetry and sterility, A 
morphologic study of the variations 
471 

Stellaria media 471, 472, 474, 475, 
480, 482, 483, 496, 503, 531; media 
aquatica 472; pentagyna 472; 
uliginosa 472 

Stelostylis 1, 7; coriacea 7 

Stemonitis 252 

Stenogramme interrupta 206 

Stenotus lanuginosus 341, 348 

Sterility, A morphologic study of the 
variations in Stellaria aquatica 
with special reference to symmetry 
and 471 

Stigeoclonium lubricum 425 

Stigmaphyllon 511 

Stomoisia juncea 407; spicata 404 

Struvea pulcherrima 203 

Studies in the morphology of the 
Onagraceae—I. The megagameto- 
phyte of Hartmannia tetraptera 
285 

Studies on the flora of northern South 
America—XI. New or noteworthy 
monocotyledons from British Gui- 
ana 1;—XII. 97;—XIII. The 
Tate collection from Mount Ror- 
aima and vicinity 391 

Study of some Phalarideae, with 
special reference to classification, A 
morphological 409 

Study of the genus Clarkia, with spe- 
cial reference to its relationship to 
Godetia, A 181 

Study of the variations in Stellaria 
aquatica with special reference to 
symmetry and sterility, A morph- 
ologic 471 

Susceptibility of wheat to mildew as 
influenced by carbohydrate supply 
65 

Symbolanthus Quelchii 402 


Symplocos chiriquensis 260, 264 

Syngonanthus anomalus 15; biformis 
394, 395, 408; brevifolius 14, 15; 
glandulosus 394, 408; gracilis 395; 
longipes 15; simplex 394, 395; 
tricostatus 16; xeranthemoides 16; 

Syngonium connatum 13, ternatum 
13; yurimaguense 14 

Tate collection from Mount Roraima 
and vicinity, Studies on the flora 
of northern South America—XIII. 
The 391 

TayYLor, Wm. RANDOLPH. Notes on 

the marine algae of Florida 199 

Tertiary shales near De Beque, Colo- 
rado, New species of fossil plants 
from the 93 

Tetraedron regulare torsum 424 

Tetrarrhena 411 

Thrasya petrosa 407 

Tibouchina mollis 400; pseudomollis 
400, 408 

Tofieldia rupestris 18 

Torresia 410, 411; odorata 412, 413, 
415, 416, 420 

Trachypogon plumosus 407 

Transplants, A comparison of the be- 
havior of crown gall and cancer 299 

Trapa 285 

TRELEASE, SAM, F., AND HELEN M. 
TRELEASE. Susceptibility of wheat 
to mildew as influenced by carbo- 
hydrate supply 65 

TRELEASE, WILLIAM. Not Piper an- 
gustifolium Lamarck: not Piper 
elongatum Vahl 535 

Trigonia simplex 511 

Triptilion 125, 129-133; Benaventii 
126, 131; cordifolium 126, 131; 
euphrasioides 126, 131, 138; spino- 
sum 126 

Triticum 92, 321, 322; vulgare 155 

Trixis 125, 127, 130-134, 136; an- 
gustifolia 126, 130; corymbosa 126, 
138; frutescens 126; involucrata 
126; radialis 126 

Turura 21 

Type of the genus Jatropha 213 

Udotea conglutinata 208 

Ulva fasciata 203; Lactuca latissima 
203 

Urvillea 520 

Use of osmic-impregnation methods 
in plant cytology, The 33 

Ustilago Avenae 499, 451-453, 456, 
458, 460, 463, 468, 469; levis 449, 
462, 463, 467-469 

Utricularia Benjaminiana 111; caly- 
cifida 404; Campbelliana 405; 
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Humboldtii 404; inflata 111; Quel- 
chii 405; puberula 111; roraimensis 
405; spicata 404 

Valonia 209 

Viburnum 392; anabaptista 267, 268; 
apiculatum 266, 270; cornifolium 
266, 273; divaricatum 266, 273; 
floccosum 266, 272; fragile 2066, 
271; glabratum 265, 268, 269, 270; 
lasiophyllum 265, 266; Lehmannii 
266; leptophyllum 266, 271, 272; 
leptophyllum venezuelense 266; 
pichinchense 265, 267, 268; pich- 
inchense toledense 265, 268; rorai- 
mense 406, 408; suratense 266, 
270; Toronis 266; triphyllum 265, 
269; Urbani 267, 268 

Viburnum in northwestern 
America, The genus 265 

Vicia Faba 50, 52 

Vidalia obtusiloba 209 

Viscaria 478 

Vochysia oppugnata 521 

Weinmannia 392; auriculifera 361, 
362, 364; Balbisiana 362, 365-367; 
calothyrsa 362, 364; caripensis 363, 
371-373, 377; caucana 362, 365; 
cinerea 367; cochensis 368; crenata 
361, 362, 366, 368; descendens 
363, 372; elliptica 362, 365; Eng- 
leriana 363, 375; fagaroides 363, 
368, 369, 371, 376; glabra caripen- 
sis 372; guanacasana 375; guyanen- 
sis 362, 367; heterophylla 361, 362, 
365; hirtella 375; Karsteniana 362- 
364; Kunthiana 366; lamprophylla 
366; latifolia 362, 365; laurina 366; 
laxiramea 363, 367, 398, 408; 
Lehmannii 362, 364; macrophylla 
362, 365; Mariquitae 363, 375; 
microphylla 362, 368; multijuga 


South 
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363, 374; nervosa 372; nitida 372; 
ovata 366; pinnata 372; platyptera 
363, 370; pubescens 363, 376; 
pubescens popayanensis 363, 376; 
Rollotii 362, 365; rugosa 365; 
sorbifolia 366, 367; Spruceana 
366, 367; stenocarpa 362, 368; 
Stuebelii 363, 374; sulcata 363, 
375; Tansbergiana 363, 371, 377; 
tomentosa 363, 376; Trianae 363, 
375; vegasana 363, 370; vene- 
zuelensis 363, 371, 372, 398, 407 

Weinmannia in northern South Amer- 
ica, The genus 361 

Wheat to mildew as influenced by 
carbohydrate supply, Susceptibility 


of 65 
Witson, J. DEAN. A double-walled 
pot for the auto-irrigation of 


plants 139 

WopEHOUvsE, ROGER P. Pollen grains 
in the identification and classifica- 
tion of plants—III. The Nas- 
sauvinae 123; The origin of sym- 
metry patterns of pollen grains 
339 

Wolffia arrhiza 
columbiana 


5; brasiliensis 355; 
355, 356; cylindracea 

355; hyalina 355; microscopica 355; 
papulifera 351, 355, 356, 358; 
repanda 355; Welwitschii 355 

Xanthium 135 

Xylopleurum 395 

Xyris concinna 394; cyperoides 17; 


35 
55 
55 


decussata 392, 408; Grisebachii 
17; guianensis 17; Jupicai 407; 
Roraimae 408; spectabilis 393; 


submontana 393, 408; subuniflora 
17; witsenioides 393 

Zauschneria californica 294 

Zea 322; Mays 155, 162, 527 
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